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1.0 Project Appreciation 
Adult salmon and sea trout rod catches in the River Wyre have been subject to considerable 
variability over the years. Annual rod catches ranging from 6 to 401 have been reported since 
records began in 1905. It has long been suspected that the physical nature of the catchment, 
combined with anthropogenic influences, has resulted in a deleterious effect on the Wyre 
fishery. 
Acidification problems in the head water streams (Marshaw Wyre and Tarnbrook Wyre) 
have been reported (Walsingham, 1993 and Clarke (pers. comm.)) and are thought to 
threaten salmon juvenile survival. The construction of Abbeystead Reservoir and an 
increased tendency towards rapidly rising water levels during storms (flashiness)1 are 
thought to have a significant impact on spawning gravel quality and quantity, both of 
which are thought to be deteriorating. 
It has been suspected for some time that Abbeystead Reservoir acts as a gravel trap and hence 
prevents the natural downstream movement of gravels which form the constituents of salmonid 
spawning beds. Downstream of the reservoir natural scour removes the gravels which are 
subsequently not replaced from upstream due to the trapping action. Hence downstream of the 
reservoir large areas are devoid of gravel, instead being open areas of bedrock or large stones 
and boulders. 
Although Abbeystead Reservoir is thought to retain gravels, the hydraulic regime is such that 
finely suspended solids and silts are kept in suspension and are discharged downstream. This is 
thought to have a further potential negative impact on the remaining downstream gravels by 
causing siltation of the spawning beds. This apparent deterioration in the quality of available 
spawning gravel further restricts the likely success of spawning and subsequent survival of eggs 
and fry. 
1.1 Objectives 
As part of an overall desire to maintain and improve the migratory salmonid population in the 
River Wyre, this project has been commissioned to investigate remedial action which may 
improve and enhance spawning success, leading to an eventual improvement in the status of 
adult stocks. 
1
 Thought to be due to 'Gripping' - cutting of drainage channels to promote heather growth for Grouse 
habitat 
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The primary objective is to establish whether the quantity and/or quality of available spawning 
gravels are limiting migratory salmonid productivity. If this was seen to be the case, then the 
following specific requirements for spawning gravel rehabilitation would be investigated: 
i) Examine the feasibility of protecting existing gravels from both scour and 
siltation. 
ii) Examine the potential for restoring existing gravel spawning beds which are 
being subjected to either of the above. 
iii) Examine the potential for creating new spawning habitats by either restoring 
natural spawning areas in the river or constructing artificial spawning channels. 
1.2 Salmonid Exploitation on the Wyre 
Figure 1.1 shows the historic catch data for salmon and sea trout dating back to 1910. The 
large degree of variability in annual catches is well illustrated. Salmon catches have showed 
wild fluctuations, from up to 136 salmon, the record catch in 1974, to no fish at all in some 
years (1920 & 1950). More recently, 1988 provided a very good year with 107 salmon being 
caught, although the latest figures (1993) show catches declining to just 18 fish. 
Sea trout also exhibit extreme variations in recorded rod catch. The best recorded catch was in 
1931, with over 300 sea trout going to the rods. However, the remainder of the 1930's and 
1940's showed an annual catch of consistently less than 100 fish. Only once in the last 30 years 
(1966) has more than 100 sea trout been caught in a single season (135). The mid 1980's were 
particularly poor, with no fish at all being caught in 1986. However, two years later in 1988, as 
occurred with salmon a marked increase was recorded, although in the case of sea trout this 
amounted to only 71 fish. The most recent figures for 1993 showed a return of 58 rod caught 
sea trout. 
Statistical examination of the relationship between river flow and rod catches for salmon and 
sea trout was undertaken to examine the dependence of Wyre salmonids on flows and to 
establish the possible significance of flows in influencing the timing of adult runs. Data for the 
10 year period 1984 to 1993 was available for inclusion in the statistical analysis, examining 
basic correlations between monthly catch and daily flow data sets. 
Catch data for the whole year versus mean daily flow for the period May to October 
inclusive was found to be not significant. However, examination of monthly catch against 
monthly mean daily flows for the same period (May to October) showed significant 
relationships for sea trout and also salmon and sea trout combined (p<0.05) for July and 
August. Other months did not show a significant relationship. Although salmon alone 
failed to reach the 95% significance level, a strong relationship was also evident for July 
and August (p<0.1). 
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Similar results were achieved when examining whole season catches against monthly mean 
daily flow for July and August. Sea trout and salmon combined and sea trout showed 
significant relationships (p<0.05), salmon alone just failed (p<0.1). 
The results indicate that movement of salmonids into the River Wyre and hence their 
susceptibility to capture by the rods, is heavily dependant on flows during the summer 
months of July and August. Higher flows in these months are associated with good 
anglers' catches, not only in the summer but also when considering whole season catches. 
In other words, higher summer flows will not only encourage fish to enter the river and be 
available for, capture in the summer, but will also have a significant impact on the likely 
success or otherwise of the angling season in the following autumnal months. 
In an attempt to determine the exploitation rate of Wyre Salmon, data on rod catch and 
redd counts, over the period 1962 to 1982, have been used (A. Clarke, unpublished from 
Wyresdale Anglers). Using the following formula (assuming one female salmon and one 
male salmon per redd) a crude estimation of the Wyre exploitation rate can be achieved: 
Rod Catch 
Estimated Exploitation Rate = x 100 
Rod Catch + (Redd Count x 2) 
Using this approach, the average exploitation rate is 16.5%. Whilst this rate agrees quite 
well with that used by Harris (1995, in prep.), other exploitation rates vary widely. In the 
Atlantic Salmon Trust Symposium held in Dublin in 1991, figures as disparate as 5% 
(Shearer, for the North Esk) and 49% (Mills, for the Itchen) were reported. However, the 
overall average was of the order of 15%. 
Based on the assumption that a 16.5% exploitation rate is a reasonable estimate for the 
Wyre, for salmon stocks over the period 1962 to 1993, the returning annual adult stock 
would have been 176 on average, with a maximum of up to 824. Obviously this is a crude 
method of estimating the exploitation rate and ultimately the returning adult stock, 
although it does provide a useful indication of the status of the population against which 
augmentation proposals and their impact can be judged. 
River Wyre Migratory Salmonid Rod Catches 
(1910-1993) 
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2. SPAWNING DISTRIBUTION 
The spawning distribution of migratory salmonids was documented using historical redd 
count data supplied by the NRA (NW) and is shown in Map 2.1. Redd count data were 
available covering the period 1977 to 1984 and also 1994. Data from 1982, 1984 and 
1994 were utilised as these years included specific grid references for each redd count. In 
addition to this, data from A. Clarke (unpublished) was included for salmon redds between 
1986 and 1988. 
Salmon spawning in 1994 was confined to the main channel of the River Wyre, with all but 
two redds occurring between Scorton and Garstang (GR 500484). The other two salmon 
redds were located a short distance below the confluence of the Tarnbrook and Marshaw 
Wyres. The number of salmon redds found in the 1994 season (46 redds) was similar to 
those found in 1982 and 1984 (42 and 53 respectively). 
In 1982 and 1984 salmon redds were recorded in the middle reaches of the Marshaw Wyre 
(GR 576543 to 584538) and possibly along sections of Damas Gill. No salmon redds were 
recorded at these locations in 1994. 
Sea trout spawning in 1994, (downstream of Abbeystead Reservoir) occurred primarily in 
the tributaries; Cam Brook, Hall Gill, Damas Gill and Foxhouses Brook (13, 3, 16 and 8 
redds respectively). In 1982 and 1984 sea trout redds were recorded on the main River 
Wyre at GR 519533 and 527537. Sea trout were not found to be spawning at these sites in 
1994. 
The number of sea trout redds in the Wyre catchment remained fairly constant between the 
years 1982, 1984 and 1994 (70, 156 and 102 redds respectively). However, the 
distribution of the spawning redds appears to have changed. For example, sea trout redds 
have been found further upstream on the Marshaw Wyre in 1994 than previously 
recorded. The spawning sites found in 1982 and 1984 are still being used by sea trout. 
There is also a proliferation of sea trout redds below the confluence of the Marshaw and 
Tarnbrook Wyre when compared to either 1982 or 1984. Also additional spawning sites in 
1994, have been recorded along the middle reaches of the Tarnbrook Wyre. 
The number of spawning sites along Cam Brook utilised by sea trout in 1994 was larger 
than in earlier years. The additional sites were towards the lower reaches of the brook. 
There has also been an increase in the total area of river used for sea trout spawning in 
Hall Gill, although the sea trout now appear to be utilising upstream areas rather than the 
downstream areas used previously. 
In Damas Gill there has been a reduction in the number of sites where sea trout redds have 
been found over the last ten or twelve years. Sea trout spawning is now primarily confined 
to the upper reaches of the tributary, where as previously redds were found along the 
whole length of the beck. Occasional sea trout redds were recorded during the habitat 
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survey in the lower reaches of Damas Gill which were not shown in the redd count of 
1994. In 1994, redds were not recorded in either Guys Beck or Lordhouse Beck. In 
previous years these becks both had small sea trout spawning populations, which are no 
longer present. 
2.1 Redd Map 
2.1 Redd Map continued 
53 
2.1 Redd Map continued 
2.1 Redd Map continued 
53 54 55 
2.1 Redd Map continued 
59 
2.1 Redd Map continued 
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3. HABITAT SURVEY 
3.0 Introduction 
To facilitate a better understanding of the availability of spawning gravels and juvenile 
rearing habitat on the River Wyre, a detailed habitat survey was undertaken. Information 
on substrate type, juvenile habitat and obstructions to fish movement were recorded 
directly onto digitised maps and general comments were noted, including obvious or 
potential sources of pollution. 
Gathering this type of data necessitated walking the river and tributaries, noting the type 
of substrate or relevant features. Where gravels were present, the river or beck was 
entered, when possible, to undertake a basic assessment of gravel stability, siltation and 
compaction. 
The survey was undertaken during low flows between 23rd November and 28th December 
1994, with an additional site visit on 27th January 1995. 
3.1 General Comments 
General comments about each river section or tributary are included in Map 3.1. This is 
intended to provide an overview of the stretch in question, giving a basic preliminary 
indication of its value as a spawning habitat, or highlighting problems that were 
encountered. 
The following field notes provide more detail on the general impressions from the survey. 
3.1.1. River Wvre - Abbevstead to Polphinholme 
(GR 556538 to GR 519535) 
The Abbeystead Dam fish pass is thought to be inefficient, hindering upstream passage of 
migratory salmonids. However, fish evidently do successfully negotiate the fish ladder, 
numerous redds being constructed upstream of the dam. The best spawning area in the 
catchment in terms of gravel quality appears to be available at the confluence of the 
Marshaw and Tarnbrook Wyres. 
Significant siltation has occurred in the vicinity of the reservoir exit of the fish pass, with 
subsequent colonisation by vegetation. It is probable that over the next few years this may 
cause a serious impediment to fish exiting the fish ladder. On the day of the survey, free 
floating vegetative debris from upstream was clogging the exit from the pass, indicating 
another possible hindrance to movement. Hence it would appear that both long term 
maintenance (dredging) and routine cleaning would be advisable to maintain access for 
salmonids to the headwaters of the Wyre. 
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The spillway from the dam also gives cause for concern, particularly with respect to the 
height of vertical fall and the bottom sill. Doubt has been expressed as to the effect 
passage over the spillway may have on smolts and spent adults. Under low flows fish 
damage or mortalities may well be expected. 
The upper stretch of the Wyre downstream of Abbeystead Reservoir is a relatively fast-
flowing length of river, typically about 8m wide. The banks are very high and steep in 
some places and are often well wooded. The substrate is typically boulder and cobble, with 
rock outcrops in some places. There are occasional patches of coarse gravel, particularly 
towards Dolphinholme, but none of these are extensive enough to form spawning sites. 
Although this length of the river has no spawning potential it contains a lot of good 
juvenile habitat for both 0+ and greater than 0+ fish, and there are plenty of holding pools 
for adults. 
The weir upstream of Dolphinholme may be a minor obstruction to fish migration at lower 
flows, but the bypass channel there has potential for development as an off-river spawning 
channel. 
3.1.2. River Wvre - Dolphinholme to Foxhouses Brook Confluence 
(GR 519535 to GR 509511) 
Below Dolphinholme the valley broadens and the river gradient becomes slightly less. The 
channel widens out in places to form relatively shallow riffles and runs. However, the 
substrate in these shallower areas is still dominated by boulders and cobbles and, although 
there are deposits of gravel, they are coarse in nature, and generally do not form extensive 
enough areas for spawning. The one exception to this is a relatively short length 
downstream of Street Bridge (GR 517521), where there are some accumulations of finer 
gravel and some redds were seen. Downstream of this area the substrate reverts to 
boulders and cobbles, and any gravel is coarse and only present in small pockets. 
Much of this length of the river is relatively shallow and, with the boulder/cobble substrate 
providing good bed cover, there are substantial areas of good juvenile habitat. There are 
also some good holding pools for adults in the lower parts of the section, particularly 
downstream of GR 514513. 
The weirs above and below Street Bridge (GR 519522 and 515521 respectively) are 
unlikely to create serious obstructions to fish movement, although some minor 
improvement works at the toe of the weir downstream of the bridge would improve 
upstream access during lower flows. 
A number of locations were noted where addition of suitable gravel to existing riffles 
might create spawning sites, particularly between Dolphinholme and Street Bridge. Two 
possible sites for creation of off-river spawning channels were also identified at the weirs 
above and below Street Bridge. 
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3.1.3 River Wvre - Foxhouses Brook Confluence to Garstang 
(GR 509511 to GR 496456) 
From the Foxhouses Brook confluence down to the weir below Cleveley Bridge (GR of 
weir 501500)^ the river is typically shallow and fast-flowing, without any significant 
holding~pools. The, substrate is boulders and cobbles and there are no areas of gravel 
suitable for spawning. However, there is good bed cover for juveniles. 
Below the weir a riffle/pool character starts to re-appear, and there are more extensive 
gravel deposits. These initially still tend to be coarse in nature, and it is only from the 
caravan site at GR 496497 onwards that any suitable spawning areas are present. Patches 
of suitable gravel in riffles and runs then occur intermittently all the way down to 
Garstang, although the sand and silt content tends to increase as one moves downstream, 
and the gravels become more impacted. Particularly good potential spawning sites are 
present below Scorton (GR 498479) and downstream of Gubberford Bridge (GR 
494474). 
As the gradient in this length of the river is less and, below the weir at GR 501500, it tends 
to have a meandering character, there are some relatively featureless, slow-flowing 
sections, which are not suitable for juveniles. However, there are still lengths of shallow 
riffle and run, with good bed cover from boulders and cobbles, which provide moderate to 
good juvenile habitat. 
The weir at GR 501500 has both diagonal baulk and pool and overfall fish passes, and 
should not be any obstruction to migration. 
Although further downstream than Garstang, the weir at Churchtown was also visited (GR 
482428). The fish pass at Churchtown weir is poor. In particular, the entrance to the pass 
at the toe of the weir is very badly designed, and inhibits access to the pass. The possibility 
of utilising the old water wheel housing (opposite bank to the fish pass) as a site for 
constructing a fish pass is suggested. A trap may be required for providing brood stock for 
spawning channels and this site provides an existing structure with several potential 
advantages over that proposed on the fish pass bank. 
3.1.4. Tarnbrook Wvre and Lower Reaches of River Grizedale 
(GR 595555 to 563542 and GR's 563556 to 567552) 
The Tarnbrook Wyre has a moderately steep gradient and is, therefore, typically fast-
flowing over an eroding substrate which consists mainly of boulders and large cobbles. 
Spawning opportunities are very limited, especially for larger migratory fish, apart from 
small areas between Ouzel Thorn and Lower Emmetts (GR 583557 to 578555), where 
there are gravel deposits, and in the last few hundred metres before the confluence with 
the Marshaw Wyre (below the road bridge). 
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Bed cover from boulders and cobbles and bank cover from bankside trees and bushes 
gives good juvenile habitat for most of the river's length, and there is a reasonable 
distribution of holding pools for adults from Tarnbrook Village downwards. 
Delph Brook, a left bank tributary joining the Wyre at GR 593553, has fine gravel in the 
100m length above its confluence with the Wyre, and is suitable for trout spawning. 
The invert at Lee Bridge (GR 568553) presents some obstruction to upstream migration, 
but should be passable at most flows. 
A potential site for creation of spawning habitat by addition of gravel was identified at GR 
564548, adjacent to an island formed by past dredging of the channel. 
The River Grizedale apparently suffers from water abstraction in its upper reaches, and 
virtually dries up in summer. Only the lower reaches from Balderstones (GR 563556) to 
the Wyre confluence were examined. The gradient of the stream is steep and the substrate 
consists mainly of boulders, with occasional very small patches of gravel. No suitable areas 
for spawning were seen. A substantial accumulation of boulders and cobbles across the 
mouth of the stream at its confluence with the Wyre makes access for migratory fish 
virtually impossible. 
3.1.5. Marshaw Wvre - Black Clough to Abbevstead Reservoir 
(GR 595534 to GR 565540) 
The Marshaw Wyre is a typical upland river, characterised by riffles, pools and fast runs. It 
probably contains the best spawning gravels for salmonids in the catchment, particularly in 
the area downstream of Black Clough and below the confluence with the Tarnbrook 
Wyre. However, it is considered to have serious acidification problems and hence is 
regarded as suitable for sea trout spawning only. 
At the upper most point of the survey (GR 595533), the Marshaw Wyre is characterised 
by large unstable cobbles and boulders. A pipe bridge midway along the section is a 
probable obstruction during low flows but otherwise passable. The first tributary, Black 
Clough, is a small upland beck (1.5 to 2.0 m wide), regarded as a good sea trout spawning 
area, with stretches of good if somewhat coarse gravel. For several hundred yards 
downstream of Black Clough good gravels predominate, with several significant spawning 
areas normally regarded as being suitable for both salmon and sea trout. 
Wellbrook is a small tributary (1.2 m wide, GR 582537), providing sea trout spawning 
areas in small patches of gravel in the lower reaches. From this point downstream, the 
Marshaw Wyre changes in character, with long deep runs predominating, with gravels, 
where present, being compacted. Several good holding pools were encountered in the 
stretch down to Hannington Clough. Again, this tributary is regarded as having reasonable 
sea trout spawning potential, although the rock substrate, being shale, produces a 
different, smaller type of gravel in the lower reaches. 
SaZ2 
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Downstream of Hannington Clough, deep runs and glides predominate, with several long 
stretches of open bedrock with occasional steep drops. In the gardens of Abbeystead 
House (GR 567544 to GR 569544), three log weirs are encountered. The river widens 
upstream of the house, the weirs presumably having been put in place to maximise the 
wetted area for aesthetic reasons, as they appear to offer no other function. The two upper 
most weirs (30cm high) offer no hindrance to fish movement except during the lowest of 
flows. However, the third weir (downstream) consists of three logs piled one on top of 
another (1.0m high) and would appear to be a significant obstruction during low and even 
moderate flows. 
Downstream of Abbeystead House, as the reservoir is approached, the gradient increases 
slightly, producing good quality clean gravels suitable for both salmon and sea trout. 
Several good sized redds were noted at the confluence with the Tarnbrook Wyre. 
3.1.6. Cam Brook - Catshaw Greave to "Wyre Confluence 
(GR 558518 to GR 556538) 
The best potential area for spawning, in Cam Brook, is in the part of the Brook running 
alongside the road below Hawthorathwaite Fell (GR 562528 to GR 558521) where the 
substrate is typically cobbles and gravel. There are particularly good spawning gravels 
present for approximately 100m either side of the weir at GR 560523. Juvenile habitat, 
especially for 0+ fish, is also good in this part of the brook. 
The main problem for migratory fish is in gaining access to these upper reaches of the 
brook. 
The length between GR 557534 and GR 559531 is likely to be extremely difficult for fish 
to negotiate. The brook runs through a steep-sided, deep rocky gully, which is wooded. 
The gradient is very steep and the substrate is bed rock with sloping shelves and vertical 
falls. The channel is also obstructed by fallen trees in several places. 
There are some limited opportunities for spawning in the lowermost parts of the brook, 
where the substrate consists of boulders and cobbles with patches of gravel. However, 
redds in this area would be vulnerable to wash out by floods, given the steep gradient. Bed 
cover from boulders and cobbles, and from both bankside and fallen timber, provides a 
reasonable habitat for juveniles in these lower sections, apart from the bed rock areas. 
Very obvious seeding from Cam Brook also confirms the notion that gravels are not being 
seeded from the main river upstream of Abbeystead Reservoir. 
The weir at GR 506523 is unlikely to be a serious obstruction to upstream migration. 
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3.1.7. Joshua/Parson's Brook 
(Lower reaches, GR 551539) 
Parson's Brook is a small stream (approximately 1.0m wide) with a lot of medium/fine 
gravel. It is a potential spawning site for sea trout and also a possible site for small scale 
spawning gravel restoration works. A ford and pipe bridge at GR 552539 may obstruct 
movement further upstream at low flows. Passing through open fields small patches of 
gravel accumulate but, as the gradient becomes steeper, boulders and cobbles 
predominate. In the wooded area upstream of the confluence with Joshua's Brook, several 
obstructions (bedrock and tree roots) are encountered rendered impassable by trapped 
debris. However, the nature of the upstream areas passing through the woodland offer 
little spawning potential, only very small pockets of gravel accumulating amongst boulders 
and bedrock in the steep valley. 
Joshua's Brook (<0.5m) is the minor of the two tributaries and offers little potential for 
spawning upstream of the confluence with Parson's Brook, having a steep gradient and 
little gravel. Downstream of the confluence, with a decreasing gradient, gravels 
accumulate, although they tend to be silt laden. Raking of the gravel could be considered, 
although there is also potential for restoration works, with good juvenile habitat in the 
main river below its confluence. 
3.1.8 Hall Gill. Road Bridge below Catshaw Fell to Wvre Confluence 
(GR 547518 to GR 546537) 
There is fine gravel suitable for trout and sea trout spawning in the 600m or so of the gill 
below the road bridge, but the stream is very narrow in this region, and there are no 
holding pools for adults. Below this area the gradient steepens and the substrate becomes 
more coarse and unsuitable for spawning, although it provides good juvenile habitat. 
Where gravel does occur it tends to be silted and impacted. 
In the lower reaches, where the gill runs through a wooded ravine, the channel is 
obstructed by fallen trees, and there is a vertical fall underneath a foot bridge at GR 
546534 which creates a significant obstruction to migratory fish. 
The substrate in the lower reaches varies from bedrock to cobbles with gravel. However, 
any gravel accumulations extensive enough for spawning are heavily silted and are also 
liable to washout by floods. 
Apart from the relatively featureless upper reaches and the bed rock areas, Hall Gill 
provides a reasonably good habitat for juveniles, although there are not many adult 
holding pools. 
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3.1.9 Gallows Clough 
(GR 543568 to GR 541539) 
The entrance to Gallows Clough from the main river is difficult, being diffuse, steep and 
strewn with boulders. Within 10m upstream several difficult bedrock falls are encountered, 
which may present problems to fish movement during low flows. However, immediately 
upstream of the derelict millhouse (GR 541539) a 30m stretch of potentially good but silty 
compacted gravel is encountered. This offers a potential gravel restoration site and is close 
to good road access. Moving up into the wooded area, the beck runs through pheasant 
pens, becoming steep in character with only occasional small accumulations of gravel. The 
occasional brown trout redd was noted but the area was not considered suitable for any 
significant spawning. A lot of vegetative debris, with fallen trees, caused minor 
obstructions, made worse by large amounts of farm litter derived from Marmanagh House 
(GR 544543). Just downstream of the house, and immediately upstream, two large 
bedrock falls were encountered, creating 2 and 3 m stepped falls respectively, with 
horizontal rock between. The absence of jumping pools beneath each step render the falls 
impassable under virtually all conditions. 
3.1.10. Smithy Beck. Castle O'Trim to Wvre Confluence 
(GR 535565 to GR 534541) 
Smithy Beck has a relatively steep gradient for much of its length and has little potential as 
a spawning stream for migratory fish. There is a vertical fall some 1.5m to 2m high below 
the road bridge at Ortner (GR 535544) which is likely to prevent further upstream access 
by migratory fish. 
The upper reaches of the beck are virtually devoid of suitable gravel for spawning until the 
confluence with a sizeable tributary at GR 540550. Between this point and the Ortner 
Bridge the beck flows through a steep sided wooded valley, and there are some channel 
blockages caused by fallen tress. 
There are deposits of gravel in places, particularly just above the Ortner Bridge, but these 
are of a rough, shale nature with much entrained silt, and would be unlikely to provide a 
satisfactory spawning substrate, even if fish could reach them. 
Below the Ortner Bridge the gradient is still steep and the beck is fast-flowing with a 
coarse substrate. Occasional gravel patches occur which might provide spawning sites, but 
they are very silted. Apart from the top kilometre, the beck provides juvenile habitat of 
varying quality. 
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3.1.11 Sparrow Gill - Castle O'Trim to Wvre Confluence 
(GR 533564 to 531540) 
The upper reaches of Sparrow Gill have no potential as a spawning or nursery area and, 
and at approximately GR 533557, the stream virtually disappears into a marshy area which 
would almost certainly prevent upstream movement by migratory fish. 
Below this point the stream has a boulder/cobble substrate with reasonable juvenile 
habitat, but insufficient gravel for spawning until a short distance above the road bridge 
near Ortner (GR 533545). Occasional patches of gravel suitable for spawning then occur 
for approximately 200m but, as the stream is only about 1.0m wide, the overall potential is 
limited. Below the road bridge the gradient steepens, and there are no areas with a suitable 
spawning substrate until approximately 200m above the confluence with the Wyre, 
although juvenile habitat is good, particularly for 0+ fish. Gravel deposits are more 
extensive in the lowermost part of the stream, particularly the last 100m, providing some 
suitable spawning sites, although the channel is still only about 2.0m wide. There are very 
few suitable holding pools for adults, particularly above the road bridge. 
3.1.12. Damas Gill - Damas Gill Reservoir to Wvre Confluence 
(GR 527573 to GR 523538) 
The upper reaches of Damas Gill from the reservoir area down have significant areas of 
spawning gravel, over approximately 1.5 km. Between the reservoir and Gate House 
Bridge (GR 518563), the gravels tend to be rather coarse with good spawning areas 
occurring intermittently, but the half kilometre length below the bridge has frequent 
patches of suitable gravel, and several sea trout redds were recorded. Throughout this 
whole length there is good juvenile habitat with bed cover and undercut banks. There are 
also adequate holding pools for adults. Below GR 521553 the gradient gets steeper, and 
the substrate more coarse as the stream enters a rocky gorge, eventually running over bed 
rock. Access for migratory fish is made difficult by the steep gradient and occasional small 
vertical falls. 
Below the farm at GR 520550 the gradient lessens, but the substrate remains relatively 
coarse with little spawning potential, although there is satisfactory juvenile habitat. In the 
vicinity of the road bridge there is a series of riffles and shallow pools, but the substrate 
remains coarse with boulders and cobbles. Any gravel is too coarse and impacted for 
spawning, with the exception of a short length of finer gravel about 300m above the 
confluence with the Wyre. 
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3.1.13. Guvs Brook 
(GR 510513 - Not named on map) 
This small tributary (1.5 m), running through the Girl Guides Residential Camp, Guy's 
Farm, has been known in the past to have been used for spawning, probably by sea trout. 
Redds have been recorded 1.5 km upstream past the confluence at Slack Lots Wood (GR 
508526). On the day of the survey significant farm pollution (caused by a breached slurry 
lagoon) was causing obvious foaming and the NRA were alerted. In addition, the conifer 
woodland had been clear felled, with considerable lack of consideration for the effects on 
the water course. Large quantities of waste timber had found its way into the beck and 
deliberate fords had been made by crossing machinery resulting in impassable areas. A 
large degree of siltation had occurred, some recent, but compaction of downstream 
gravels indicated that this was probably a long term phenomenon. 
3.1.14. Foxhouses and Lordshouse Brooks - Taylors Farm/Cross Hill Farm to 
Wyre Confluence 
(GR 532515 and 523518 to GR 509511) 
The upper reaches of Foxhouses Brook and an unnamed tributary which joins it at 
Newsham Bridge (GR 527517) are fast-flowing with a boulder/cobble/coarse gravel 
substrate and have little potential for spawning, although they provide good juvenile 
habitat. Both streams have major obstructions to fish migration short distances above their 
confluence. Between Newsham Bridge and Bradshaw Bridge (GR 522518), the substrate 
is still generally too coarse and impacted for spawning, apart from a short length between 
GR 524518 and 525518 where the gradient lessens and the brook forms meanders. The 
riffles in this short length contain gravel which should be suitable for spawning, although it 
has a high sand or silt content. 
From Bradshaw Bridge down to the Wyre confluence, the gradient of the brook lessens 
again, and there are significant deposits of gravel. However, the sand and silt content is 
also very high, and must adversely affect the value of this part of the brook as a spawning 
area. There is good bed and bank cover for juveniles in this lower part of the brook, and 
some holding pools for adults. 
Upstream of Lordhouse Bridge (GR 521511), Lordhouse Brook is fast flowing with 
typically a boulder/cobble substrate and with only a few deposits of gravel which could 
provide spawning sites for sea trout. 
Between the bridge and the old Bobbin Mill (GR 520511) there are a few patches of 
gravel which contain a lot of silt and provide low quality spawning habitat. Below this area 
the substrate is either clay/boulder or cobbles/coarse gravel or silt, and there are no 
potential spawning sites until the last 50m above the confluence with Foxhouses Brook. 
This length has some suitably sized gravel although it is heavily silted. 
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Apart from a short length near the farm at GR 519513, Lordhouse Brook provides 
satisfactory juvenile habitat although there is a lack of holding pools for adults. 
3.1.15. Park Brook 
(GR 498484) 
At its confluence with the Wyre, Park Brook (1.5 to 2.0 m wide) has a very obvious heavy 
silt and sand loading, covering what historically may have been good gravels. Throughout 
the entire beck to the stretch adjacent to the motorway (GR 502494), heavy, sometimes 
continuous sand deposits are encountered. However, occasional sand free gravel 
accumulations are present, and a possible brown trout redd was encountered adjacent to 
the railway (GR 499488). Although restoration works such as raking or low cost gravel 
additions may be possible, the stream runs through a large open park and residential area 
for much of its length. Hence any improvement works would be likely to draw public 
attention. At GR 502494, an old water wheel housing forms the main channel, involving a 
vertical fall of 2.0 m. At the time of survey it was heavily blocked with debris, acting as a 
barrier to fish movement. If cleared, it is likely that the steep fall would still be an 
impediment to fish movement under low flows. Upstream of the water wheel housing a 
highly silted, sandy substrate is encountered, with no spawning value and little cover for 
juveniles. 
3.1.16. Grizedale Brook 
(GR 499464) 
Grizedale Brook is a small tributary (1.0 to 1.5 m wide) which flows with a low gradient 
across the floodplain for several kilometres. Although occasional sea trout spawning was 
recorded, the gravels tended to be patchy and in comparatively small quantities. However, 
there is reasonable bed cover for juveniles, which have been recorded in the lower reaches. 
In contrast to Park Brook, siltation and sand deposits were not excessive. The low 
gradient and relatively remote nature of the brook renders this a potential site for low cost 
restoration works. 
3.2 Substrate 
A substrate map (Map 3.2) was produced from the survey to provide an assessment as to 
the location, extent and availability of spawning gravels throughout the catchment. The 
following substrate types were recorded. 
Class 
1. Silt / Compacted gravel 
2. Gravel suitable for spawning 
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3. Cobbles / coarse gravel 
4. Boulders / Cobbles 
5. Bed-rock or Concrete 
6. Pools 
Substrate was classified according to the Wentworth Scale (Pettijohn, 1975); gravels 
(pebbles) 4 - 6 4 mm, cobbles 64 - 256 mm and boulders > 256 mm. The colour coded 
zones on the map refer to areas where these specific bed features were noted. Areas left 
blank represent either deep water, glides (where the river bottom could not be seen) or 
substrate consisting of boulders/coarse gravel. A conscious decision has been taken not to 
generalise or extend observations artificially throughout large stretches of river for 
convenience of presentation. Hence the objectives are to provide a clear indication as to 
where the above bed features predominate and hence allow a clear evaluation of the 
current situation. 
Generally, the findings support the supposition that spawning gravels are in short supply in 
the Wyre, certainly in the main river, Table 3.1. The area downstream of Abbeystead Dam 
is devoid of gravels (with the exception of a small but obvious input from Cam Beck). The 
main river channel consists primarily of a boulder and cobble substrate. Towards Street 
Bridge accumulations of gravel start to occur intermittently. Downstream of Cleveley 
Bridge the gradient of the river decreases and allows the formation of riffle/pool 
characteristics with extensive gravels being laid down. These gravels are of a coarse nature 
at first but become finer on progression downstream. The sand and silt content of the 
gravels appears to increase as one moves downstream towards Garstang. 
In contrast the tributaries on the other hand do contain significant gravels, but appear to 
be limited by two factors. The first is the physical topography of the Wyre valley. 
Particularly on the northern side, the steep gradient results in many of the becks being 
turbulent and flashy, with any gravel accumulations tending to be restricted in area, 
unstable and liable to washout. Hence only where gradients are reduced (such as the upper 
reaches of Damas Gill) do significant accumulations of potential spawning gravel occur. 
The second feature of note is siltation and fine sands. Park Brook, Foxhouses Beck and 
several of the smaller tributaries all suffer from siltation or heavy sand deposits. This 
results in a deterioration in the quality of the gravels, eventually leading to their 
abandonment by spawning salmonids. This would appear to be a feature of many of the 
becks as highlighted in the discussion on spawning distribution (Section 2. above). 
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(NB in Table 3.1 the figures given are for illustrative purposes and should not be taken 
literally. They represent the theoretical maximum amount of river habitat available for 
spawning, assuming that all gravels are cleaned. This does not represent the current 
situation.) 
3.3 Habitat 
A habitat map (Map 3.3) was produced from the survey to provide an assessment of the 
distribution of suitable nursery areas available to migratory salmonids. The following types 
of habitat were recorded. 
1. Habitat suitable for 0+and >0+juveniles 
2. Habitat suitable for 0+juveniles 
3. Habitat suitable for >0+juveniles. 
The specific areas highlighted on Map 3.3 represent habitat of a good quality. Areas left 
blank represent deep sections of river, glides or boulders and cobbles which can be 
regarded as providing poor to moderate habitat. 
The majority of the available nursery habitat that was suitable for both 0+ and >0+ 
juveniles was found along the main river channel between the confluence of Smithy Beck 
and Dolphinholme (2.1 km of juvenile habitat), and from the confluence of Foxhouses 
Brook down to Garstang (5.4 km of juvenile habitat). Significant nursery habitat was also 
found in the Tarnbrook and Marshaw Wyres. Suitable nursery habitat was found at the 
confluence of many of the tributaries with the main river, and intermittent patches were 
recorded along each of the tributaries. 
The stretches of river that are of particular value as nursery areas for 0+ migratory 
salmonids alone are mainly limited to small sections of the tributaries downstream of 
Abbeystead Reservoir, including Smithy Beck, Sparrow Gill, Damas Gill and Foxhouses 
Brook. There are also intermittent patches of good 0+ habitat along the main river, 
between Dolphinholme and the confluence with Foxhouses Brook. 
The main river channel between Abbeystead Reservoir and the confluence with Smithy 
Beck provides excellent habitat for >0+ juveniles. The combination of a boulder/cobble 
substrate, high banks and adjacent woodland gives good bed and bank cover for juvenile 
fish inhabiting this section. 
3.4 Obstructions. 
Potential obstructions to migratory fish were located and identified during the habitat 
survey and were noted in Map 3.4. Each obstruction was graded as either a minor or 
major obstruction. 
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The main channel of the River Wyre did not contain any major obstructions that would 
prevent the upstream migration of fish. Minor obstructions were recorded at Abbeystead 
Reservoir and at the weir downstream of the Street Brook confluence. The exit of the fish 
pass at Abbeystead Reservoir has become colonised by vegetation and if this vegetation is 
allowed to grow unchecked then the efficiency of the fish pass will decrease. In addition, 
fish migrating downstream over the dam may suffer mortalities at low flows. The weir 
downstream of the confluence of the River Wyre and Street Brook requires improvement 
at the toe of the weir. This would increase upstream access under low flow conditions. 
Fallen trees in the tributaries of the Wyre were recorded throughout the catchment. On the 
whole they did not pose a serious obstruction to the upstream migration of salmonids. 
However, in some instances, the fallen trees did comprise an obstruction when debris had 
accumulated behind them, such as in Hall Gill, Joshua and Parson's Brook, Gallows 
Clough and Smithy Beck. These obstructions can easily be removed in order to facilitate 
upstream migration. 
A number of the tributaries, including Cam Brook, Hall Gill, Smithy Beck and Damas Gill, 
have a steep gradient with a bedrock substrate and occasional vertical falls. This causes a 
torrential flow of water which hinders access to the upper reaches of the tributaries. On 
tributaries such as Cam Brook the ease of upstream access may be improved by the 
construction of fish passes around the larger vertical falls. 
Access to both the River Grizedale and Gallows Clough is made difficult by an 
accumulation of boulders at their confluences with the main river. Basic channel 
modification in these areas would aid the migration of salmonids. 
A number of obstructing pipe bridges were recorded during the habitat survey, one 
example being found along Joshua Brook, where the pipe bridge may hinder upstream 
migration at low flows. 
A weir consisting of three stacked logs, lm high, on the Marshaw Wyre (GR 567544), 
appears to cause a significant obstruction at low and moderate flows. The purpose of the 
weir is to pond the river around the area of Abbeystead House. The removal or alteration 
of this weir would facilitate access for migratory trout which are known to spawn further 
upstream along the Marshaw Wyre. 
Concrete or cobbled inverts under the bases of bridges did not usually comprise a serious 
obstruction. The exception to this was the bridge at the confluence of Stick Beck and 
Tarnbrook Wyre (GR 573555). The invert of this bridge contained a vertical fall onto a 
concrete base with no take off pool. 
The recent logging activities around Guys Beck have required the construction of a ford 
over the stream for reasons of vehicle access. This ford constitutes an obstruction and 
should be removed once the logging has been completed. 
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A weir on Foxhouses Brook at GR 528519 poses a major obstacle, due to poor design. 
The weir has two steps with the fall from the top landing onto a flat slab, before dropping 
into a pool below. 
3.1 General Comments 
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4. SEA TROUT SPAWNING GRAVEL INVESTIGATIONS 
4.0 Introduction 
The aims of this section of the report are primarily two-fold: 
(1) To provide a quantitative assessment of the physical nature of selected potential 
spawning sites for salmonid populations within the River Wyre and its tributaries. 
Specifically, the size and depth of gravel, together with the degree of compaction and 
siltation, are determined at four sites known to have been used by salmonids in the recent 
past. These data are compared with data from: (a) one site within the Wyre which is not 
used by fish and (b) spawning sites within the River Lune and elsewhere within the UK. 
(2) To determine the stability of the various gravels at each main site with respect to 
potential wash-out of natural gravels. 
4.1 Spawning Site Identification 
An initial visual survey in consultation with NRA bailiffs identified two spawning grounds 
within the main stem of the River Wyre and two sites within tributary streams. A site 
(Garstang) where fish do not spawn was also located. The sites sampled are shown in Map 
4.1 






















Marshaw Wyre (NGR 590534) 
Abbeystead (NGR 563542) 
Foxhouses Brook (NGR 518514) 
Damas Gill (NGR 518562) 
Garstang (NGR 495458) 
4.2 Sampling and Field Observations 
Sampling took place in late November and early December 1994 during periods of low 
water. At all sites, a freeze coring technique (Carling, 1982) was used to extract 
undisturbed samples of the river bed sediment to a depth of 30 to 50 cm. This technique 
retains both the fines and the larger gravel classes within the cores, allowing a full analysis 
of grain-size distribution. The ability to retain and analyse the finer component of the 
sediment from the whole core is extremely important, as it is the proportion of the fines to 
26 
the gravel which largely dictates the suitability of the bed for successful spawning and 
incubation (Crisp & Carting, 1989). The term 'fines' or 'silt' refer to sediment with a 
diameter less than 1 mm. 
Generally, a sample of 10 kg is needed to characterise coarse spawning gravels. All 
samples exceeded this limit except one at Damas Gill in finer gravel which weighed 4.85 
kg. Core weights averaged 15.74 kg, ranging between 10.33 kg and 41.5 kg and were 
considered of adequate mass for comparability with studies from elsewhere within the UK. 
Five cores were taken at each site, but at Marshaw Wyre one core was later judged to be 
inadequate in bulk and discarded. Consequently 24 cores were retained. 
No cores taken at Marshaw Wyre and Abbeystead showed evidence of any vertical 
structure within a 40 cm depth of gravel but there was a little clay at the base of some 
cores which indicates that 40 cm is the thickness of spawning gravel at these two 
locations. At Abbeystead especially there was no evidence of a distinct coarser surface 
'armour-layer' and the gravel appeared to be uncompacted. 
Despite the small channel section sampled at Foxhouses Brook, all cores showed at least 
40 cm depth of gravel, although there was a great deal of surface silt within the reach. At 
Damas Gill there was rarely more than 25 cm of gravel, which was silty throughout the 
length of the cores. 
Frozen cores were weighed in the field and then split in the laboratory, where necessary, 
to remove any small basal clay-layer beneath the gravel, before being air-dried. The small 
amounts of basal clay noted in a few cores within the main spawning sites were not sieved 
as they were clearly unsuitable for spawning and beneath the usual maximum depth of 
redd-cutting (circa 40cm). The exception was Garstang where all cores had 20 to 30 cm 
of gravel underlain by clay or clay-rich gravel. In this case one basal gravel-layer was 
sieved for comparison with the upper-layer. Dry samples were sieved at 1.0 phi intervals in 
the range 4 to -7 phi (0.063 mm to 128 mm) and the volume of the complete dry sample 
was determined by water displacement in a graduated container. 
Compaction can be conveniently expressed as the void ratio: 
E = Volume of water in the core/ volume of gravel in the core or as the porosity; 
Equation 4.1 p = E /(l + E). 
Values of E are tabulated (Table 4.1) and as both measures have been reported in the 
literature, both parameters are referred to in the text. The porosity of water-lain sediments 
is a complex function of grain-size and sorting. Briefly, Carting and Reader (1982) 
determined that, in the north-east of England, the porosity of natural gravels over a wide 
size-range (a few millimetres to 200 mm) was a well-defined inverse function of the 
median grain-size: 
Equation 4.2 p = 0.4665 Dm-°21 - 0.033 
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There are few data for other parts of the UK, but it may be inferred from unpublished data 
for Dorset streams that some clean well-sorted gravels lie above Equation 4.1. Data can be 
used to show porosity is also an inverse function of particle sorting expressed as the 
standard deviation of the distribution. 
The inverse function of grain size (Equation 4.2) is, at first sight, surprising. However, it 
reflects both the poor packing of unconsolidated fine silts and clays, and the poor sorting 
and close-packing common in gravel deposits. Consequently and counter-intuitively, a 
high content of silt and clay mixed with gravels in a spawning-bed may act to maintain 
higher porosities than are observed in gravel beds infiltrated by coarse-sand (Carling & 
Reader, 1982). Despite high porosities, the permeability of heavily-silted gravels may be 
low, owing to hydraulic resistance in the multitude of pore spaces. 
4.3 Results and Discussion 
4.3.1. Median Grain Size 
The median grain size (D50) at Marshaw Wyre and Abbeystead varied between 50 and 105 
mm and 25 mm and 90 mm respectively; with 50 mm being typical. At Foxhouses Brook 
DJO varied between 30 and 50 mm (Table 4.2). 
At Garstang the median ranged between 20 and 60 mm in the top 30 cm of gravel, whilst 
the basal layer had a median of only 10 mm, owing to heavy siltation and intimate mixing 
with a basal clay-layer. The wide range in the median at this site is due not only to siltation 
but also a deficiency in coarser fractions, cobbles (>64 mm) being few, although pebbles 
(>4 mm<64 mm) were abundant. 
The gravels at Damas, from previous experience, are typical of a heavily silted site. Only 
one sample is nearly unimodal with a Dso of 60 mm. The other samples are characterised 
by varying degrees of siltation, reflected in distinct bimodality, reducing the 50 percentile 
to between 0.4 mm and 12 mm. 
There is little information on the size of gravel that Atlantic Salmon and Sea Trout require 
for spawning. In unpublished studies of the Salmon spawning gravels in the River Test, 
Carling noted that the D50 utilised could be as little as 10 to 25 mm. However, it was 
unclear if this was the size preferred by fish and there was no information on spawning 
success. In contrast, in unsilted gravels in the Buncrana River, Co. Donegal, and the River 
Lune, Cumbria, spawning offish 70 to 86 cm in length (occasionally to 94 cm) occurred in 
gravels with a D50 of 40 mm (Carling, unpublished). However, in the only detailed study to 
date of UK salmonids, Crisp & Carling (1989) noted that fish (20 to 80 cm in length) will 
spawn in gravels between 18 mm (Dorset) and 62 mm (N.E. England). Although no 
quantitative relationship could be derived relating UK fish length to maximum gravel-size 
utilised, Crisp and Carling noted that there seemed to be a preference for the 20 to 30 mm 
size range. Kondolf (pers comm, 1991) has argued that, from a consideration of both 
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North American and European salmonids, a general relationship can be adduced between 
the maximum D30 (mm) utilised and fish length (L), the latter measured in centimetres: 
Equation 4.3 Dso = 0.5L + 4.6 
Although the applicability of this function to UK rivers is unknown, the implication is that 
only fish of length greater than about 70 cm will utilise gravels coarser than 40 mm. It may 
be concluded that there are gravels of suitable median size for spawning in the Wyre 
system, but the finer gravels preferred by fish tend to be those most heavily infiltrated by 
fines. Further, any coarsening of the gravels through time will degrade the habitat as the 
coarser gravels are close to the limit of those utilised by the larger UK salmonids. 
4.3.2. Fines Content 
The fines (<1 mm) content of the gravels at Marshaw Wyre and Abbeystead ranged 
between 4.1 and 10.54%, averaging 8.4% with similar data from Foxhouses Brook. The 
Garstang gravels had 9.6 to 17.3% fines in the upper-layers and 20.2% at the base. At 
Damas Gill only one core appeared to represent relatively unsilted gravel (10.9% fines) 
with the other cores consisting of 34 to 81% fines (Table 4.3). 
The results from the Marshaw Wyre and Abbeystead are comparable to 'unsilted1 gravels 
within the pristine River Lune at Tebay (Carling, unpublished), where granulometric 
analysis of 10 freeze-cores showed a typical range of fines between 2.8 and 11.1%, 
averaging 5.6%. These fines data taken together are comparable with the best spawning 
gravels across the UK (see Table 4.4) and are similar to the situation in N.E. England, 
where fines rarely exceeded 15-20% in gravels used by spawning fish (Crisp and Carling, 
1989). Generally, more than 15% fines can be seen as disadvantageous to selection by 
spawning fish whilst more than 20% may prevent alevin emergence (Lisle, 1989). In the 
later respect, the Garstang gravels are of marginal value for spawning whilst the Damas 
Gill gravels are very poor. 
4.3.3. Compaction 
The void ratio data for the Wyre system are presented in Table 4.1. There are few 
comparable data within the UK. The only published data are presented by Ottaway et al 
(1981) and Carling & Reader (1982). Ottaway et al show that in N.E. England spawning 
gravel void ratios are typically 0.23, whilst Carling and Reader's function (Equation 4.1) 
predicts that 50 to 60 mm gravel in the Wyre would have p values of 0.16 to 0.17, hence 
E values of 0.2 to 0.21. Equation 4.1 therefore correctly predicts the porosity of the 
Marshaw Wyre gravels but over predicts the porosity of the Abbeystead gravels. Porosity 
of the moderately silted Damas Gill Sample 4 is predicted as 0.24 as against the observed 
0.22, whilst the porosity of heavily silted Damas Gill Sample 5 is predicted to be 0.56 
compared with the observed 0.36. Given the problems of determining porosity accurately 
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and the inherent sorting variations within gravel, it may be concluded that the Wyre 
gravels are similar in compaction to other spawning gravels in the N.E. England as 
determined using Equation 4.1. The Damas Gill porosities are comparable to spawning 
gravels degraded by excessive silt within the River Test (p = 0.31 to 0.55 - Carling, 
unpublished). 
4.3.4 Depth of Gravel 
There are no collated accounts of the thickness of gravel beds within headwater UK 
streams. However, gravel deposits utilised by salmonids rarely exceed 50 cm in depth 
(Carling, pers. obs.) and are more usually 30 to 40 cm thick, underlain by heavily 
compacted/silted gravel or clay. Milner et al (1981) reported that salmon and trout bury 
their eggs to depths between 8 cm and 30cm and, as fish tend to reject sites with heavily 
silted substrata, the implication is that deposits are usually somewhat thicker than the 
depth of egg burial. 
Considering salmonid fish between 15 cm and 80 cm in length, Crisp and Carling (1989) 
determined that larger fish tend to bury their eggs more deeply than smaller fish. The 
relationship may be described by the function: 
Equation 4.4 d = 2.4 + 0.262L 
albeit with wide 95% confidence limits (a±7.53; b±0.098). 
From Equation 4.4 it may be calculated that a 70 cm fish in the Wyre would require at 
least 20 cm depth of gravel and possibly 35 cm. It may be concluded that all but the 
largest fish have sufficient gravel depth in which to spawn at the four spawning sites 
investigated. The non-spawning site at Garstang and the degraded spawning site in Damas 
Gill are 'depth-limited' in that larger fish might emplace their eggs in the silted sub-layer or 
indeed reject the site for redd construction. 
4.3.5. Hydraulic Stability Of Spawning Gravels 
The calculation of the stability of gravels is derived from an unpublished algorithm 
developed from the consideration of the mechanics of flow over loose or compacted 
gravel by Carling (1990) and Flintham (1988). As used within this report, the procedure 
assumes spherical particles, although calculations could be conducted for ellipsoids. 
Varying degrees of compaction can be accommodated by varying the degree of the 
entrained particle exposure to the flow within a bed of mixed grain-sizes. 
Using the assumption that gravel beds coarsen by selective entrainment and then stabilise 
as the coarsest fractions are concentrated, the critical grain-size for determinations is taken 
as that size for which 84% of the sediment is finer (i.e. Ds4). Assuming also that the grains 
are fully exposed results in a calculation of the minimum velocity and discharge necessary 
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to entrain the bed sediments. Such calculations indicate whether gravels are likely to be 
scoured away and also winnowed of fines, which requires mobilisation of the coarsest 
fractions. 
Results of the calculations, in terms of velocity, depth and discharge at which gravel will 
be scoured, are given in Table 4.5. These are for guidance only and it is recommended that 
more detailed calculations (including sensitivity analyses) are conducted for specific 
natural or artificial spawning beds with reference to the flow duration curve for 
appropriate gauging stations in the Wyre catchment. 
At this juncture it may be stated that, given the relatively high threshold velocities 
predicted for entrainment of gravels, continuing high inputs of fines in the tributaries of the 
Wyre are unlikely to be flushed out of the gravels naturally. Instead, artificial raking of the 
gravels should be considered as an option. Both field experiments and theoretical 
calculations are required to determine the efficacy of mechanically disturbing spawning 
gravels in order to reduce compaction and remove fines. 
Within the main-stem river, it is suspected that discharges of sufficient magnitude occur 
frequently and rework the gravels from 20 to 40 cm depth flushing fines from the bed. 
However, there have been unsubstantiated reports that the gravel-beds within the Wyre 
are coarsening with time. This implies a change in hydraulics or supply of sediment 
through natural climate-change or changes in land management. Given the fact that the 
gravels are close to the maximum-size commonly used by UK salmonids, further 
consideration should be given to the implications of continued coarsening for natural 
salmonid spawning and recruitment. A detailed study of the historic gauging records could 
be coupled with field and theoretical study of gravel-particle movement. 
4.4 Conclusions 
It is concluded that some spawning locations within the River Wyre system (as typified by 
Abbeystead and Marshaw Wyre) are of high quality and are comparable with the best 
spawning gravels in the River Lune, Cumbria as well as rivers in the N.E. of England. 
Quality is defined as a low silt content (less than 15% <lmm sand), adequate depth of 
gravel (>40cm thick) and loose-packing. As a rider, the median size of gravel is close to 
the maximum value of the median that larger UK salmonids (length ~ 70 cm) readily 
choose for spawning and consequently many gravel-beds are sub-optimal for smaller fish. 
Whilst some tributary streams seem to maintain a reasonable quality of spawning gravel 
(e.g. Foxhouses Brook), other small tributaries, which historically have been good 
spawning locations (e.g. Damas Gill), are now heavily silted and/or have been scoured to a 
marginal thickness for redd-cutting (i.e. <25 cm thick). 
Hydraulic calculations indicate that high velocities and discharges are needed to rework 
the natural gravels. These high flows occur rarely, if ever, in the small tributaries and so 
silt will not be readily flushed naturally from the gravels. Subject to further field trials and 
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theoretical calculations, consideration should be given to mechanically cleansing or 
artificially augmenting gravels in selected tributaries. 
In the main-stem river, discharges necessary to flush silts from the spawning beds probably 
occur frequently. This supposition needs checking against further theoretical calculations 
and flow duration curves. However, velocities are sufficiently high to preclude artificial 
feeding of the main-stem with gravels to form spawning beds. No artificial beds of suitable 
size gravel could be maintained in the high velocity flows. 
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* these are sites known to be heavily silted. 
34 
Table 4.5 Results of Hydraulic Calculations of Gravel DM Stability at 
































5. SPAWNING GRAVELS: 
PROTECTION, RESTORATION & CREATION 
Several different levels of spawning gravel protection, restoration and creation have been 
considered. The literature survey provided some relevant information on the ways in which 
some these objectives have been achieved elsewhere, however, practical information to aid 
the current study is not widely available (see below). 
Therefore, the following alternative management actions have been identified, largely from 
discussions and site visits undertaken by the project team: namely, Dr K. Hendry (Project 
Manager & Fish Biologist), Dr D. Cragg-Hine (Fish Biologist), Prof. P. Carling 
(Geomorphologist) and Mr Bernard Whelan (River Engineer). 
5.0. Literature Survey 
In order to provide background information on prior experience of spawning habitat 
restoration/creation, a literature survey was undertaken at the University of Manchester 
John Rylands Library. The data bases below were searched for references using the 
following key words; spawning, gravels, salmon, sea trout, salmonids, habitat, 




Biological & Agricultural Index 
Commonwealth Agricultural Bureau 
76 references were identified, looking back over the previous 15 years, and abstracts 
obtained. Of these, 24 were identified as being possibly relevant and the papers examined, 
15 proved to be of value and are included in the References section. 
The majority of the relevant literature originated from North America, where many large 
scale habitat improvement schemes have been implemented. Frequently, such schemes are 
associated with logging activities such as mitigation measures for habitat degradation. In 
addition, most of the literature pertains to Onchorynchus species with comparatively little 
information being available for Salmo. Nevertheless, useful background information on the 
positive and negative experiences encountered in the use of instream structures has been 
gained. A brief overview is provided here. 
With respect to rehabilitation of existing spawning gravels, little relevant information was 
found. Two papers (Reiser et al, 1989; Nelson et al, 1987) provided data on regulated 
flushing of gravels to either remove fine sediments or encourage accumulation of suitably 
sized gravels. In both cases the papers refer to regulated rivers. However, they may 
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provide useful information for the management of artificial spawning channels by 
optimising flows to minimise siltation and reduce maintenance requirements. 
Mih (1978) discusses various methods of de-silting gravels in natural and artificial 
channels (including mechanical, water jet and flushing techniques). However, the machines 
involved are large and would appear to be site specific to a greater or lesser degree and 
offer little scope for use in the Wyre. 
Andrew (1981, in Solomon 1983) describes a 'vibrating bucket' technique used in the 
Fraser River, the idea being to prevent siltation of downstream areas during gravel 
cleaning. A hydraulic excavator (with a perforated bucket) is used to excavate gravels. By 
vibrating the bucket underwater, the fines are shaken out. The cleaned gravel is then 
deposited back into position, effectively burying the displaced fines. This may be a 
technique worth exploring in lower reaches of the Wyre. 
Solomon and Templeton (1976) refer to the practice of ploughing the stream bed in an 
attempt to control weed growth having seemingly advantageous effects, overcoming 
problems with compaction and improving salmonid densities. Solomon (1983) also makes 
the point that spawning activity of fish themselves is a factor in preventing compaction in 
favoured areas. Hence augmenting the stock to a healthy sustainable level may result in 
further improvements in spawning gravel quality, given time. 
Several papers dealt with stream enhancement or rehabilitation using artificial structures, 
but appeared to be mainly concerned with habitat creation, particularly pools. However, 
Klassen & Northcote (1988) describe a successful Canadian scheme involving use of V 
shaped gabion weirs to create habitat and also encourage accumulation of gravels. 
Improvements in intergravel water quality were evident, implying better egg survival 
should result. House & Boehne (1985) describe another successful scheme using V 
shaped gabion weirs and wooden 'stop logs', in which habitat diversification was achieved 
together with improved spawning areas. In both cases the authors strongly recommended 
the use of such structures for stream rehabilitation and enhancement including improved 
spawning habitat. Newbury & Gaboury (1993) emphasise the use of soft engineering 
techniques when embarking upon stream rehabilitation schemes, finding the use of low, 
loose stone weirs and imposed artificial meanders successful in creating improved habitat 
for trout. 
Solomon (1983) refers to Seeb et al (1981) as an example of successful gravel addition. A 
600 ft length of channel was planted with graded gravel, together with board weirs to 
control shifting gravel and adjust the gradient to 0.2%. A marked reduction in stream-bed 
fines was recorded (23 to 11%) whilst a significant improvement in egg survival resulted 
(29 to 59%). Subsequently, following heavy siltation after logging in the catchment, the 
gravels were replaced, and the fines level decreased to 8%. Hence beneficial results 
appeared to be consistently achieved after management action was implemented. 
North America has produced several large capital intensive artificial spawning channels for 
pacific salmonids. These are major civil engineering undertakings, the value of which are 
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considered limited in the UK (Solomon, 1983). This is primarily because UK rivers would 
be unable to support such high levels of production of young fish with a significant riverine 
life history (i.e. Atlantic salmon). Such channels are predominately used for pink and chum 
salmon (which migrate to sea as fry) and sockeye (which migrate to lakes as fry). 
Papers specifically relevant to Salmo species include Hvidsten & Johnsen (1992), where a 
restoration project in Norway was described involving restoration of a canalised river 
section. Blasted stones were introduced onto the river bed and banks creating weirs. 
Improvements in juvenile densities for both salmon and trout were recorded, although the 
direct effect on spawning was not clear. Morrison & Collen (1992) describe the successful 
use of low cost log structures in a small Scottish stream. Marked improvements in stream 
diversity resulted, with pool habitat being created from an otherwise uniform channel. 
Very significant increases in trout populations resulted although no effect was observed on 
juvenile salmon densities. This effect was thought to be largely attributable to a paucity of 
riffle habitat resulting from the effect of the structures. 
Beall & Marty (1987) discuss optimum fish densities for use in artificial spawning 
channels. This paper is probably one of the most relevant, referring specifically to Atlantic 
salmon in an artificial spawning channel in France. The optimum density for spawning 
success was given as one female per 9.5m2 of channel surface. 
A theme common to most of the papers but not adequately explored was possible negative 
effects of instream structures, such as under-cutting, scour, bank erosion, siltation and 
flood damage. Frissell & Nawa (1992) undertook an evaluation of the incidence and 
causes of physical failure of artificial structures in two northern USA states. They 
conclude that the use of structures for stream enhancement or rehabilitation is frequently 
inappropriate, often not having been properly thought through. In addition, a further 
criticism of artificial enhancement structures was that they lacked proper evaluation, often 
being incorrectly assessed in terms of both efficacy and economy. A ten year design life 
was suggested as appropriate, whereas many structures were evaluated over considerably 
longer timescales when considering cost effectiveness. Similarly, Hilborn (1992) is critical 
of the process of evaluation of artificial channels and the ability of fisheries agencies to 
either learn from past experiences or disseminate information. It appears that only 
spectacular successes or failures are adequately reported. 
In summary, with the exception of Solomon (1983) and Beall & Marty (1987), there is a 
paucity of directly relevant literature on the subject of restoration/creation of salmonid 
spawning habitat directly applicable to the Salmo genus. However, much experience has 
been gained from habitat creation and restoration for Onchorynchus species which should 
not be ignored. In particular, the possibility of physical failure induced by high flows or 
flooding, and less catastrophic events such as scour and undercutting should be borne in 
mind. In addition, it is essential that that any spawning habitat restoration/creation 
schemes considered for use in the North West are fully evaluated with appropriate 
monitoring. Hence much of the ambiguity evident from the North American literature can 
be avoided and the applicability of such schemes for use in the UK properly assessed. 
5.1. Spawning Gravel Protection 
One of the objectives of the project was to examine the feasibility of protecting existing 
spawning gravels in the River Wyre, based on the assumption that available gravels were 
in short supply and were deteriorating. Gravels can be protected in two ways; by 
preventing washout during spates (preventing further denudation of gravels) or by 
preventing siltation and associated compaction. 
Both of these objectives can theoretically be achieved by the introduction of groynes or 
weirs. Indeed, in the literature, use of gabion weirs to accumulate gravels and reduce 
localised siltation was discussed by House & Boehne (1985) and Klassen & Northcote 
(1988). 
However, following site visits, it was concluded that the successful use of such structures 
for gravel protection could not be predicted with any certainty. Engineering experience 
dictates that the use of groynes, in particular, to achieve a desired objective is often hit and 
miss. A good example of this can be seen on the Wyre itself, just upstream of the M6 
motorway crossing (GR 511513). A groyne installed for bank protection is having a 
detrimental effect, causing erosion of a new pool. Hence, with groyne installation, 
problems could be created rather than solved. Installing groynes to protect gravel should 
be regarded at best as an imprecise science, the outcome of which cannot necessarily be 
guaranteed. 
The use of weirs to accumulate gravels is also not as straight forward as one would wish. 
In the main river channel installation of any such structure is regarded as highly likely to 
fail for two reasons. As above, the prediction that gravel will accumulate is uncertain. 
Secondly, the likelihood of significant damage to the stream bed and banks is significant, 
particularly under big flows. Under the latter conditions, given the flashy nature of the 
Wyre, the consensus is that accumulated gravels and the associated structure would stand 
a good chance of being washed away. 
Therefore, in conclusion, the use of instream protection devices, such as groynes, is not 
recommended on anything other than a pilot scale. Given the scarcity of existing gravels in 
the Wyre, and concerns over flood protection, such experimentation is perhaps best 
carried out elsewhere. 
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5.2. Spawning Gravel Restoration - Mechanical Techniques 
Several different approaches and scales of operation have been considered with respect to 
gravel restoration. 
The first and probably most economical technique is to physically or mechanically remove 
silt from existing natural spawning beds. As discussed in the literature survey, machines 
have been developed specifically for this purpose (Mih, 1978). However, they appear to be 
large purpose built machines with obvious site specific characteristics and associated 
limitations. Their use on the River Wyre is probably impractical, particularly with regard to 
access problems in many of the smaller becks. 
The approach described by Andrew (1981) using a vibrating bucket would appear to be a 
more practical solution to the problems encountered on the Wyre. Following modifications 
to the bucket of an excavator, the technique could be evaluated on the main river. With a 
suitably sized hydraulic arm and appropriate access, this type of work could probably be 
undertaken from the banks. It appears that a certain depth of water is required, which may 
render the technique unsuitable for use in the tributaries. However, where access is 
achievable, a smaller hydraulic machine (such as a bobcat) could be tried, although this 
would probably have to work in-stream. 
A low technology solution, arguably more easily achievable in the Wyre system, is raking. 
A number of tributaries are suffering for accumulated fine solids and associated 
/Compaction. These becks are often small (1.0 to 2.0 m wide) and inaccessible to vehicles 
or large machines, but easily workable by hand. Therefore, it is suggested that a low cost 
maintenance strategy might be to undertake regular raking of known salmonid spawning 
areas to prevent further deterioration. Practical experience will influence the depth of 
gravel which can be effectively cleaned by this method, although depths approaching 0.4-
0.5 m would be advantageous. 
In addition, areas identified as having apparently good sized gravel but which are not used 
for spawning due to siltation could also be subjected to a controlled programme of bed 
disturbance and raking. Monitored trial areas will determine whether this approach is 
appropriate in restoration of existing gravels for spawning. 
5.3 Gravel Seeding 
Addition of gravels to existing river channels elsewhere has been successfully achieved 
(Seeb et al, 1981). Consideration has been given to gravel additions in the River Wyre, in 
association with appropriate stop logs to reduce gravel migration downstream. However, 
as mentioned in section 5.1, engineering and hydraulic considerations advised against this 
approach in the main river channel. Experience indicated that any structures placed in the 
main river which may modify flows would behave in an unpredictable way, possibly, with 
adverse effects. Secondly, given the flashy nature of the Wyre, it is highly likely that 
seeded gravels would be readily washed downstream. The point at which they 
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subsequently accumulate may not be beneficial from a land drainage and river engineering 
perspective. Hence in the main river channel this approach has been discounted. 
However, there is considerable scope for applying this technique to some of the 
tributaries, particularly those which have been utilised for spawning in the past but which 
are now threatened or lost due to siltation or compaction. A low technology approach is 
suggested, whereby small (10 m) stretches of improved spawning gravel are created in the 
lower reaches of various becks within 100m of the main river. Typically, the nature of the 
Wyre valley results in a marked decrease in gradient in the stretches of beck adjacent to 
the main river. Hence velocities decrease so there is a better chance of retaining gravels. 
The lower flows will also be of benefit to the long term stability of such structures, 
hopefully reducing maintenance costs. 
The process of construction is quite basic but will involve excavation and removal of 
existing gravel/bed material over the 10m stretch to a depth of 0.5 to 0.75 m and typical 
width of 1.5 m. This would be followed by installation of a wooden stoplog at the 
downstream end buried into the banks and addition of 0.5 to 0.75 m of new gravel. Hence 
discrete, small 15.0 m2 areas of enhanced spawning habitat could be created in the lower 
reaches of the tributaries. It is envisaged that several such areas could be created in each 
tributary, a target of three such constructions creating 45.0 m2 per tributary. 
5.4 Artificial Spawning Channels 
Creation of completely artificial off-line spawning channels was also considered. Large 
concrete structures involving considerable civil engineering inputs have been built in North 
America and France, with varying degrees of success. Although some information is 
available, as mentioned above, most relates to pacific salmonids. Two approaches have 
been evaluated. The first is along the lines of the North American experience, where an 
appropriate river section is identified for construction of a completely artificial concrete 
channel with flow regulation to which gravel is added.. 
The factor to be considered when choosing sites is topography. The location should 
preferably be in a meander and above a weir to provide an adequate head of water to 
enable flows to be regulated. Ideally, the site should also be remote for security but with 
adequate access for construction. In addition, the location should not be regarded as 
aesthetically or environmentally sensitive, as the structure would inevitably be considered 
visually obtrusive. The area of spawning habitat created will be dependant on the available 
length of land determined by a meander, but the width of the channel would be dictated by 
the desired production and the proportion of riverine flow available. Examination of flow 
data has shown that in dry winters, flows as low as 0.5 Cumecs at Scorton have been 
experienced. This may well be critical when determining the dimensions and hence 
productivity of artificial spawning channels. 
A second approach is to utilise natural features, such as an old mill leat or drainage 
channel, to create a spawning channel. This 'soft engineering' approach would be less 
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intrusive, following the route of the existing off-line channel with minor modifications. It 
would include removal of bed material, addition of stop logs and gravel, where necessary, 
bank protection^ and inlet (penstock controls or weir boards) and outlet systems. The 
advantage of using existing features is that construction costs and associated disturbance 
can be kept to a minimum, whilst the aesthetic and environmental impact can be greatly 
reduced. The area of spawning habitat created will, of course, be dictated by the physical 
constraints of the original structure. 
The operation and maintenance requirements of both types of artificial channel would be 
similar. The associated costs and manpower commitments should be borne in mind when 
evaluating these structures. 
5.5. Spawning Channels. Maintenance & Operation, 
There are three main aspects to be considered in spawning channel operation:-
1. Ensuring that enough pairs of fish enter or are introduced to the channel 
to guarantee ensure adequate deposition of ova. 
2. Ensuring that fry emerging from the gravel leave or are removed from the 
channel and are distributed over the available nursery and rearing areas. 
3. Maintenance of the channel to ensure that the gravel remains in a 
satisfactory condition. 
5.5.1. Ensuring Adequate Ova Deposition. 
If substantial flows were allowed through the channel in the autumn at times when fish are 
moving upstream into spawning areas, it is probable that some fish would enter the 
channel under their own volition. This is more likely where the channel effectively by-
passes an obstruction, such as is proposed later at Dolphinholme weir. However, some 
means of retaining fish in the channel would be required, such as a grid at the upstream 
end and an inscale at the downstream end, i.e. the channel would serve as a trap. 
It is probable that voluntary entry to the channel by adult fish would have to be 
supplemented by introducing fish taken elsewhere in the system, either by trapping, netting 
or electric fishing. The spawning channel could then be used as a holding facility for the 
collected fish before they were ready to spawn. 
Security is likely to be a concern, as fish in a relatively shallow spawning channel will be 
vulnerable to poaching. Risks of fish loss would be reduced by modifying a short length of 
the channel to create a holding area where fish could be held until they were fully ripe. 
This area could be deeper and protected by suitable screening, and could be incorporated 
into the trapping arrangement referred to above. 
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5.5.2. Ensuring Dispersion of Fry. 
Although many fry would find their own way out of the channel, there is no guarantee that 
they would disperse sufficiently to minimise density dependent mortality. To ensure that 
available nursery areas well downstream were adequately "seeded", it might be necessary 
to incorporate fry collection facilities at the outlet from the channel and to plant fry out. 
A fry collection facility would also allow the performance and effectiveness of the channel 
to be monitored. If fry were reluctant to leave the channel voluntarily, some means of 
removing them physically (such as electric fishing) would have to be adopted. 
5.5.3. Channel Maintenance. 
Routine maintenance of the channel would be required to ensure that the gravel remained 
in satisfactory condition, both to encourage adults to spawn and to ensure survival of ova 
and alevins. This would involve raking or mechanical turning over of the gravel and 
flushing through to remove silt and sand. The frequency with which maintenance may be 
required would have to be determined by experience, but is likely to be at least annually. It 
is inevitable that there would be some discharge of suspended solids to the river, during 
maintenance, although this should not be a serious problem if it was carried out at times of 
relatively high flows. 
5.5.4. General Comments. 
Artificial spawning channels have been used with varying success for Pacific salmon 
species, but there is little experience of their use for Atlantic salmon. Construction and 
operation of any such channel on the Wyre will therefore have to be regarded as somewhat 
experimental in nature, and it will be essential to monitor its performance. In the initial 
stages it would be desirable to plant green ova in the channel, either in Vibert boxes or in 
artificial redds, to measure hatching success and the suitability of the gravel. Rate of 
movement of fry out of the channel would also have to be carefully monitored to 
determine whether physical removal was necessary to minimise density dependent 
mortalities. 
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6. SITE IDENTIFICATION 
Following evaluation of the habitat survey, various locations have been identified as 
potential sites for improvement or for creation of salmonid spawning habitat. Site visits 
were undertaken to examine locations for gravel cleaning, gravel additions, structural 
improvements and artificial spawning channels. Specific locations for each site identified 
for improvement can be seen in Map 6.1. 
6.0 Mechanical Improvement 
Two levels of mechanical silt removal were identified, 
a) Small Hydraulic Machine (Bobcat) for use in the small tributaries. 
b) Hand Raking in small tributaries. 
Sites where mechanical cleaning of spawning gravels, subject to siltation and compaction, 
have been considered include those on the main River Wyre above Garstang and below 
Street Bridge, as well as the two tributaries, Damas Gill and Foxhouses Beck. 
6.0.1 Methods for Silt Removal 
Small Hydraulic Machine 
10m sections of selected tributaries have been designated as being suitable for mechanical 
cleaning. Cleaning is carried out by a JCB with a finely perforated bucket. Gravel is 
removed from the river bed, to a depth of 30 to 40cm. This gravel is then vibrated in the 
water to wash out the fines. The fines settle into the hole left by the removal of the gravel. 
The gravel is then replaced on top of the settled fines. 
The work must be performed during the summer months, at periods of low flow. Other 
users of the river, notably anglers, should be notified when work will take place, as 
suspended solids will be introduced to the river. Before work can commence permission 
must be granted by riparian owners and right of access gained. 
Hand Raking. 
Hand raking is probably best undertaken by systematic cleaning of the following becks, 
working downstream, raking appropriate patches of gravel as they are encountered. 
i) Cam Brook . 
ii) Damas Gill 
iii) Sparrow Gill 
iv) Foxhouses Beck 
v) Guys Brook 
6.0.2 Site Identification 
Following fbrther site visits, Damas Gill was found to be the most suitable site for the 
mechanical cleaning of the gravels. 
The individual sites are shown in Figure 6.4 and are marked with pegs. Access to the river 
is via a gate 50m east of the road bridge at GR 519563. The gate leads onto a dirt track 
that runs parallel to the river. The right of access must be given by the landowner for the 
area between GR 519563 and GR 518560, for the fields on both sides of the river. Access 
into and around the river is good. 
6.1. Gravel Seeding 
Several potential sites were selected for gravel additions and associated gravel retaining 
structures. As already mentioned, the consensus of opinion, following site visits, was that 
gravel additions in the main river channel were not advisable. 
The gravel addition sites on the tributaries should be considered appropriate for sea trout 
only. As mentioned in Section 2, there appears historically to be a clear partitioning in 
spawning preferences, with salmon utilising the main river, while sea trout prefer the becks 
or upper Wyre headwater tributaries. Hence, without some means of either transporting or 
holding salmon on the gravel seeded areas of the becks, it is unlikely that they would 
utilise them. 
6.1.1 Construction of Gravel Addition Structures. 
Plans for the construction of gravel addition structures are given in Figures 6.2 and 6.3. 
Specific site details are given in Section 6.1.2. Construction details include: 
Excavation of existing stream substrate to a depth of 0.5m. Material will be disposed 
of either on site or by removal to a landfill site, depending upon the wishes of the 
riparian owner. 
Placement of a stop log (roughly 30cm in diameter) perpendicular to the flow of 
water, the top of the log to be flush with the original stream substrate. The length of 
the log should be 2m greater than the width of the stream. This is to allow for the 
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embedding of the log into the bank. The stop log will be held in place by stakes, 
fixed into the ground and large enough to restrain the log in spate conditions. 
Fixing of a cross brace between the stakes, on either side of the log. 
Netlon, with a mesh size of 1cm, should be placed over the top of the log ( stapled 
on the underside) and buried with cobbles on the downstream side to prevent 
undercutting. 
The banks adjacent to the stop log need to be protected in order to prevent erosion. 
Methods may include the placing of concrete sand bags or half logs arranged in a 
wall-like structure. This should be determined on site and will be specific to 
individual bank conditions. 
Gravel, with a median diameter of 20-3 Omm, should be placed in the area of stream 
that was originally excavated. 
6.1.2 Site Identification 
A. Joshua's brook 
Figure 6.5, GR 553538 
Access to Joshua's Brook is via Far House Barn at GR 557543. A road leads directly to 
the river at GR 553538. The right of access to the road must be given by the Estates 
Manager at Far House Barn and also for the fields in the area: GR 553538 to GR 551538. 
Materials can be stored on site. 
















B. Damas Gill 
Figure 6.6, GR 526542 
Access to the site is via a gate 50m east of the road bridge at GR 526542. A steep track 
leads down to the river. This track is only suitable for a tractor or JCB. Materials can be 
stored by the river. The bank of the river is unstable and the banks around each log 
structure therefore require protection from erosion. 
121 EH &&.*<£ 
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Right of access must be granted for the track, between the road and river. Riparian owners 
must be contacted for the fields in the area: GR 526542 to GR 526541. 
















C. Lordhouse Brook 
Figure 6.7, GR 518516 
Access to Lordhouse Brook is via Salisbury Farm at GR 519513. A track suitable for a 
tractor and trailer leads down to a point 100m from the river. Materials can be stored at 
this point. Access into the river is suitable for a JCB. 
Rights of access must be gained from the owners of Salisbury Farm and also for the area: 
GR 519514 to GR 518516. 













D. Foxhouses Beck 
Figure 6.8, GR 519515 
Access to Foxhouses Beck is via Salisbury Farm at GR 519513. Materials can be stored at 
the same location as those for Lordhouse Brook. The approach to the river is via a steep 
hill which is suitable for a tractor or JCB in dry conditions. 
Rights of access must be gained from the owners of Salisbury Farm and also for the area: 
GR 518 515 to GR 518517. 
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E. Guvs Beck 
Figure 6.9, GR 511516 
Access to Guys Beck is from the car park at the Girl Guides Residential Camp at GR 
509516. Materials can be stored in this car park. The water quality of the site must be 
examined to ensure that it is of a suitable quality to support migratory salmonids. The 
southern riverbank at Site A is 3m high and may pose a hindrance to work being carried 
out. Map 3.2.5 highlights a small area of scrub woodland that will have to be cleared to 
allow access to the river. It is envisaged that this clearance will require two man days. 
Rights of access must be granted for the fields covered by the area: GR 511516 to GR 
510514. 
















F. Grizedale Brook 
Figure 6.10, GR 498465. 
Access to the river is across fields, via Wood Acre Hall, GR 503469 and should not 
present a problem. The banks of Grizedale Brook are not very firm and as a consequence, 
the log structures need a greater degree of protection from erosion than at the previous 
sites. 
Rights of access must be obtained from Wood Acre Hall and also the owners of the land, 
covered by the area: GR 503469 to GR 498465. 
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6.2 Artificial Spawning Channels 
Three sites were identified on the main river as possible sites for artificial spawning 
channels, two of which were to be completely new channels cut into fields and are 
considered major civil engineering undertakings as described in Section 5.5. The third site, 
the general approach for which is also described in Section 5.5, utilises a disused mill leat, 
currently fallen into disrepair. 
In contrast to the above tributary sites where gravel additions are suggested to augment 
sea trout spawning areas, these channels could be used for either salmon or sea trout. It 
may be considered desirable, following the cost appraisal exercise in the next section, to 
consider utilising the channels for salmon spawning alone. Obviously, this would influence 
management of the channels, possibly resulting in the need for selective trapping and/or 
removal of sea trout. 
6.2.1. River Wvre - Dolphinholme West GR 526537 
This site has an existing by-pass channel on the right bank (possibly a derelict mill race) at 
Dolphinholme Weir. It has considerable potential for development as an off-river spawning 
channel. The channel is approximately 120m long and 2.5m wide, and would create 250-
300 square metres of spawning area if cleaned out and filled with suitable gravel. 
Works would consist of tree and bush trimming and removal, excavation of bed and banks 
to the new grade and profile, provision of bed checks and erosion protection. In addition, 
the bank between the channel and the main river may need to be raised to exclude flood 
waters from the spawning channel. Inlet and outfall structures would need to be built, 
possibly incorporating a trap or holding facility. Ideally, the inlet control would be some 
form of variable penstock so that flows could be regulated for optimisation and 
experimentation if necessary. 
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A fairly good farm access track leads from the road to the adjacent field and it is suggested 
that lorries could carry gravel direct to the bankside if the work was to be undertaken 
during the summer months. This would effect considerable savings by not having to 
provide a temporary access road. 
Low flows during the critical period for spawning (November to April) are rare but not 
unknown. A flow duration/frequency graph for Scorton (Figure 6.11) over this period 
reveals that the 95 percentile for low flows is 0.5 to 0.6 cumecs. Under such 
circumstances, the bypass channel would take up to half the flow of the river. For the 10 
year data set examined, at no point would the entire flow be taken through the channel, 
the 99 percentile being 0.4 cumecs leaving a residual flow of around 1.5 to 2.0 cumecs 
going over the weir in the most severe low flow conditions. 
The proposals would have no visual impact (other than a short term reduction in tree 
cover) and would not affect the adjacent farmland, apart from during the works. Riparian 
objections are unlikely, with the exception of possible difficulties during construction 
related to access. 
6.2.2 River Wvre, 400m below Street Bridge, GR 515521 
A large level area on the right bank above the weir would permit the creation of a large 
off-river spawning channel This is a large gravel accretion, mostly grassed over, on the 
right bank immediately upstream of Street Weir. The existing left bank on the outside of 
the bend is stable due to protection works. A completely new channel would have to be 
excavated, but a spawning area of 1000 m2 would be possible. 
Substantial works using imported stone would be needed to divert the flow and provide 
bank protection to the spawning channel. Inlet and outfall structures would also be 
needed. The "notch" presently in the centre of the weir would have to be moved to the 
right side to attract fish to the spawning channel. 
Access is good and it would be easy to excavate a larger channel than that proposed for 
the site at Dolphinholme West, close to the line of the mature trees, and line the bed with 
imported gravel. Spoil excavated from the spawning channel could be spread on the 
remaining area of the gravel shoal but this would present a visual intrusion from the 
adjacent footpath in the wood on the right bank. Alternatively, it would have to be taken 
off site at significant extra cost. 
It could be difficult to maintain a reasonable flow in the main channel during dry winter 
periods when fish are being attracted to the spawning channel. Inspection of historic flow 
data for the River Wyre indicates that in some years the water requirements for a channel 
of this size would take the entire river flow. 
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In addition, a further disadvantage of the site is its proximity to Wyreside Fisheries and to 
a public foot path, with the attendant risk of disturbance of spawning fish and general site 
security. However, serious riparian owner objections are unlikely. 
6.2.3. River Wvre, Street Weir. GR 519522 
A level area of arable land on the right bank adjacent to the weir could be used to excavate 
an off-river spawning channel. Although technically feasible, the following objections 
render further site investigations unlikely. 
Land which is currently in agricultural use would have to be acquired, so compensation 
payments would be incurred. Riparian objections are therefore envisaged. As several large 
trees would have to be felled, there would probably also be conservation objections. 
Finally, the site would be very public, with obvious risks of human disturbance of 
spawning fish, and it is likely that planning consent would be difficult to obtain due to the 
visually obtrusive nature of the structure. 
Figure 6.1 










River Wyre, Scorton 
Flow Duration / Frequency Graph 
Figure 6.11 
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7. SALMONID YIELDS FROM NEW SPAWNING HABITAT 
7.0 Introduction 
In order to assess the cost effectiveness of the proposed gravel addition and spawning 
gravel creation schemes identified in Section 5, an estimate of anticipated productivity is 
required. For illustrative purposes, gravel addition sites A to F (Section 6.1.2) and the 
artificial spawning channel at Dophinholme Weir (Section 6.2.1) have been used as 
examples. The unit areas for other sites can be multiplied as appropriate. 
Utilising data provided by the NRA for average fish weights from the River Wyre, 
together with data from the literature on egg, smolt and adult survival, this section 
provides estimates of the range of and mean smolt and adult survival for sea trout and 
salmon that might be expected. The results are then extrapolated to the various spawning 
habitat enhancement schemes discussed above. 
As previously mentioned, the gravel seeding areas on the tributaries are proposed for sea 
trout only, whilst the artificial spawning channel at Dolphinholme is proposed for salmon 
only. It should be borne in mind when reading this section that the environment in the 
spawning channel is more controlled. In addition, it is anticipated that salmon will be 
trapped from elsewhere (probably Churchtown Weir) and transported to the channel, 
where they will be confined until spawning is completed. Hence estimates may be more 
'reliable' in that the appropriate number of adult fish will be present in the channel. This 
cannot be guaranteed in the gravel seeding sites on the becks, where sea trout will be 
expected to find and utilise areas without human assistance. The process may be aided in 
the long term by planting the seeded areas with eyed ova, but the sea trout estimates must 
be viewed with this major potential inaccuracy in mind. 
7.1 Assumptions 
When evaluating the potential productivity from artificial spawning channels assumptions 
have to be made as to the most appropriate survival rates. Would offspring derived from 
spawning channels exhibit survival rates at the various life stages similar to wild fish or is a 
comparison with hatchery reared fish more appropriate? 
Harris (1995, in prep.) when reporting on salmon stocking strategies and anticipated 
survival rates, concluded that on average wild smolts would be expected to have a survival 
rate 5.06 times greater than that for hatchery reared smolts (from Crozier & Kennedy, 
1989). Hence, considerable variation in anticipated returns may be expected depending on 
whether wild or hatchery reared survival rates are used. Hence, a discussion of the 
assumptions on which this decision is made is required. 
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Ova deposited in an artificial spawning channel could be considered to be equivalent to 
those spawned in natural main river gravels for several reasons. First of all, to a certain 
degree natural competition and mate selection will operate within the channel, more so if 
fish enter freely rather than being trapped and transported from downstream. Secondly, 
fish will spawn when they are stimulated to do, when the female is in the right condition. 
This may not be the case with fish stripped in a hatchery. 
Furthermore, in a spawning channel constructed in the River Nivelle in France (Beall & 
Marty, 1987) survival rates (eggs laid to alevins collected) averaged 75%. This compares 
very favourably with an average figure of 25% reported by Clarke (unpub.) from egg 
survival experiments carried out in the River Wyre. He attributed low survival to a 
combination of washout and overcutting during redd construction. MacKenzie & Moring 
(1988) report high mortalities in the wild during the period between hatching and alevin 
emergence from gravel, commenting that most of the published figures on high intergravel 
survival rates for salmon are based on redd excavations and do not include the period 
between hatching and emergence. Thus production of fry from a relatively sheltered 
channel is likely to be greater than in the main river. 
In terms of 'environmental fitness' there is no reason why channel hatched alevins 
dispersing naturally into the wild (i.e. all d/s obstructions to movement removed) have 
poorer survival rates than those hatched in the river. In fact the situation in a densely 
utilised spawning channel could be likened to that at many of the natural spawning areas 
on the Wyre, where high densities of redds, on comparatively small gravel shoals have 
been recorded (Clarke, unpubl.). Hence large numbers of fry will be emerging and 
dispersing from areas of very high local density. A channel would have the obvious 
advantage in that dispersal could be assisted if desired. 
Removal and subsequent dispersal of fry or alevins may result in higher survival rates than 
fry that disperse naturally. By seeding fry in nursery areas which have no naturally 
spawned fry present, mortality from predation and territorial aggression from already 
established fry can be reduced or avoided. 
Therefore, in the following sections, use has been made of life stage survival rates 
established from natural populations. This is based on the assumption that fish reared in an 
artificial channel are more comparable with wild than hatchery reared populations. 
7.2. Potential Adult Returns per Female Spawner 
7.2.1 Salmon 
Ova to smolt survival:-
Recent studies on the River Bush (Kennedy and Crozier, 1991) have shown survivals for 
the ova to 2 year smolt stage ranging from 0.4% to 2.13%, averaging 1.17%. Similar 
53 
average survivals of 1.0% for this phase have also been reported by Buck and Hay(1984) 
and Mills (1989). 
Smolt to adult survival:-
The River Bush studies have also provided information on adult return rates, with 
survivals in the range 6.3% to 12.5%, mean 9.0%, being recorded (Crozier and Kennedy, 
1993). 
The Bush and the Wyre are rivers of similar size and both have adult runs dominated by 
one sea winter fish, so it would seem reasonable to use figures derived from the Bush in 
making predictions about the Wyre. 
The average size of female salmon in the Wyre is likely to be about 2.8 kg (length 66 cm -
Wyre rod caught 20 year average). Assuming a fecundity of 1550 eggs per kg body weight 
(derived from Mills, 1971), the egg deposition per female spawner will be about 4340. 
Applying the survival rates quoted above, the average number of smolts produced per 
female should be about 51, within a probable overall range of 18 to 93. Adult returns 
averaging 4 to 5 fish per female spawner could therefore be expected. However if the 
extreme minimum and maximum survival rates for both phases are taken, the overall total 
range would be 1 to 12 adult returns per female spawner. 
7.2.2 Sea Trout 
There is a lack of information on ova to smolt survival rates for sea trout, although data 
given by Elliott (1994) indicate that they are likely to be of the same order as those for 
salmon. 
There is also little information available on smolt to adult survival, although published data 
for the Burrishoole Fishery in Ireland (Whelan, 1993), and can be used as guidelines. In 
the 10 years prior to the recent decline in sea trout stocks in the west of Ireland, the 
average survival from smolts to adults (finnock plus 1 sea winter fish) was 34.25%, with a 
range from 19.0% to 50.0%. 
Assuming that female sea trout in the River Wyre average 43 cm in length and weigh 0.9 
kg, and that the fecundity of sea trout is 1700 ova per kg body weight (derived from 
Elliott, 1994), then each female would deposit about 1530 eggs. Using the survival rates 
given above for salmon, average smolt production would be 18 fish within a likely range 
of 6 to 33. On the basis of the Burrishoole data for sea trout, adult returns would average 
6, within a likely total overall range of 1 to 16. 
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7.3. Areas Required by Salmon & Sea Trout for Spawning 
From data given by Crisp and Carling (1989), the typical size of redd produced by female 
salmon of the size assumed for the Wyre is 3.0 m long by 1.0 m wide, and is unlikely to 
exceed 4.0 m long by 1.8 m wide. For sea trout of 45 cm length, a redd would typically be 
2.2 m long by 0.8 m wide. 
However, experience from use of artificial spawning channels for Atlantic salmon in 
France has shown that the optimum area per female fish is 9.5 square metres (quoted by 
Davidson and Bielak (1993) in Mills (1993) and Beall and Marty (1987)). 
7.4. Capacity & Possible Yields from Gravel Seeding and Artificial Spawning Channels 
Sites Proposed for the River 
7.4.1 Gravel Addition Sites. 
Units of spawning habitat of 15.0 m2 created by gravel addition in tributaries are only 
considered appropriate for sea trout. Each 10.0 m section (15.0 m2 ) could accommodate 
up to four sea trout redds. Four sea trout redds could produce on average 72 smolts and 
25 returning adults (extreme range 5 to 66 adults). The anticipated target of three gravel 
seeding areas per beck would create 45.0 m2 of spawning habitat producing 75 returning 
adults (range 15 to 198). If gravel addition is utilised in the six becks identified in Section 
6.1.2 (A to F), the mean number of returning adult sea trout would be 450 (range 90 to 
1,188). These estimates are theoretical maxima and assume that adequate nursery and 
rearing areas are available and accessible. Unless artificial removal and seeding of alevins 
is undertaken, the main downstream displacement of juveniles will be into the main river 
Wyre. The available juvenile habitat below each beck can be seen in Map 3.3. Although 
this habitat is considered sufficient, density dependant mortalities would be likely to take 
effect. 
7.4.2 Dolphinholme Weir Artificial Off-River Spawning Channel. 
The useable dimensions of the proposed off-river channel at Dolphinholme weir are likely 
to be 110 m by 2.5 m (275 m2). Allowing 9.5 m2 per female (Salmon requirements), the 
maximum capacity of this channel would therefore be 29 spawning pairs of salmon. 
Assuming 4340 eggs per female, total egg deposition in the channel could be in the order 
of 126,000. 
Using the survival rates quoted earlier, the numbers of smolts resulting should be in the 
range 504 to 2684, with an average figure of 1475. This would, of course, be dependent 
on adequate dispersal of the fry and on there being sufficient rearing area available to 
produce this number of smolts. Taking a yield of 5 smolts per 100 m2 as being a typical 
production figure, 1475 smolts would require 29,500 m2 rearing space. The average width 
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of the Wyre downstream of Dolphinholme is 8 - 10m, so about 3.3 Km of suitable river 
length would be required. Reference to the Habitat Map 3.3, shows that downstream of 
Dolphinholme weir there is 5.4 Km of Juvenile habitat. A further 2.1 Km is available 
upstream up to Abbeystead Reservoir if seeding out of individuals was desired. 
Taking the average figure for smolt production, and assuming a typical survival rate of 
9.0% from smolt to adult, the number of adult salmon returning to the Wyre would be in 
the order of 133 per year although, if the extreme minimum and maximum figures for 
survival rates are taken, the overall possible range would be 32 to 336 returning adults. 
7.5 Summary 
Table 7.1 summarises the production figures discussed above. The enhancement figures 
are based on the following assumptions: 
i) Average River Wyre average female salmon weigh 2.8 kg, average female sea trout 
weigh 0.9 kg. 
ii) Sea trout production figures are based on three (15.0 m2) gravel seeding structures per 
beck (45.0 m2), in a total of six becks (sites A to F in Section 6.1.2 - totalling 270.0 m2). 
iii) Salmon production is based on a single 275.0 m2 artificial spawning channel at 
Dolphinholme Weir and is achieved by trapping and seeding the channel with the 
appropriate number of spawning adults. (Sea trout are excluded) 
iv) Rod exploitation rates are 16.5% for salmon and 10% for sea trout. 






















8. CONSTRUCTION, OPERATION & MAINTENANCE COSTS 
This section is concerned primarily with preliminary costs associated with the 
construction, operation and maintenance of the gravel seeding sites (Section 6.1.2) and the 
artificial spawning channel proposed for Dolphinholme Weir (Section 6.2.1). However, 
costs are also provided for gravel cleaning, as suggested in Section 5.2. 
8.0 Mechanical Cleaning 
Day rates for hire of a Hymac (10m reach) and a Bob cat are as follows 
8.0.1 Hymac £225 per day 
8.0.2 Bobcat £58 per day 
The 'up front' costs associated with modifying a bucket for each machine would be 
8.0.3 Hymac £2,000 
8.0.4 Bobcat £500 
The amount of gravel cleaned in a day would be dependant on access, ease of working and 
travel time between sites. Hence it is suggested that if mechanical cleaning is considered 
desirable, a week long trial with each machine is carried out. The costs (including bucket 
modification) would therefore be as follows; 
8.0.5 Hymac £3,125 
8.0.6 Bobcat £790 
NB. Delivery costs to site would also be incurred, in addition to compensation to 
landowners for land damage if appropriate. 
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8.1 Gravel Seeding 
Costs associated with the construction of a 10.0 x 1.5 m gravel seeding site are as follows. 
8.1.1 Bobcat excavator and driver £220 
8.1.2 Dumper/lorry to remove spoil £ 13 0 
8.1.3 Gravel £150 
8.1.4 Labour £200 
8.1.5 Supervision £100 
8.1.6 Contingency £200 
TOTAL £1.000 
A provisional sum of £1,000 per gravel seeding unit is suggested, with three units per beck 
proposed. 
8.1.7 Cost per beck should be £3,000. 
For the six becks identified for gravel seeding, 
8.1.8 The total cost would be of the order of £18,000. 
NB. The above costs are outside estimates. Significant reductions may be expected after 
competitive tendering. 
Maintenance costs are thought to be in the order of £160 per unit per year for raking (i.e. 
labour), and gravel replacement. Hence maintenance costs would be; 
8.1.9 £480 per beck 
8.1.10 £2,880 in total. 
No operational costs would be incurred. 
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8.2 Artificial Spawning Channel at Dolphinholme Weir 
The outline costs associated with construction of an artificial spawning channel at 










Preliminaries, plant to/from site, site accommodations, etc. £1,500 
Temporary fencing and permanent reinstatement £1,500 
Cut back trees and vegetation and remove as necessary to 
permit access for heavy plant £1,200 
Excavate channel and cart to tip £4,000 
Construct inlet/outlet control £3,000 
Bank protection and bed checks £3,000 
Importation and spreading of gravel £4,000 
Reinstatement and compensation £2,000 
Provisional sum for extending access road or 
dumpering gravel across the field £5,000 
(approx) 




Significant reductions may be anticipated with respect to 8.3 if construction is undertaken 
during dry weather. However, an overall budget of £30,000 at this stage is considered 
prudent. 
Maintenance costs are estimated to be in the order of £1,300 per year to clean the channel 
and partially replace the gravel. This includes one weeks hire of a bobcat and gravel 
delivery to site. 
The operational costs are estimated at £4,500 per year based on an allowance of 40 man 
days prior to and during spawning (£75 per man day - technical rate) and a further 15 man 
days for collection and distribution of fry (£100 per day - scientist rate). 
NB. The artificial spawning channels described in Sections 6.2.2 and 6.2.3 would be 
provisionally estimated at three times this amount, at up to £90,000. 
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9. COST EFFECTIVENESS 
Following an evaluation of the expected productivity from gravel seeding in the becks and 
constructing an artificial spawning channel at Dolphinholme Weir, the preliminary budgets 
prepared above now allow an examination of cost effectiveness. 
9.0 Artificial Spawning Channel: Dolphinholme Weir 
A 275 m2 spawning channel at Dolphinholme Weir would cost approximately £30,000. If 
the channel was used to full capacity each year, and an average return rate of 133 adult 
salmon was achieved, the cost per fish would initially be £225. This cost would decline in 
succeeding years as the total number offish derived from the channel increased. 
However, the likely annual costs of channel operation and maintenance also have to be 
taken into account. If 40 man days were to be allowed for managing and checking 
spawning fish and another 15 man days for collection and distribution of fry, the annual 
cost would be about £4,500. Assuming that the channel would have to be cleaned and 
relayed each year, this would add a further cost of these operations has been estimated at 
£1,300 per annum. 
Taking the capital cost and annual running costs into account, the cost per returning adult 
in successive years would be as shown in Table 9.1. 
Table 9.1. Artificial channel, estimated costings per year for salmon based on average production of 133 adults per year. 
NB. If the life of the channel is 5 years, the cost per fish would be £89, if the life is 10 years the cost will be £67 per fish. 
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9.1 Gravel Seeding 
In the case of 15 m2 spawning areas constructed in tributaries at a cost of £1000 per unit, 
average production of smolts at 75 per year would result in 25 returning adults. The 
anticipated cost per adult sea trout would be £40 per fish, declining in succeeding years, 
Table 9.2. Operation of these units would be far less intensive than for the artificial 
spawning channel, as it would not be practicable to control spawning fish. Hence only 
annual maintenance costs would be incurred. Allowing two man days for raking and 
possible gravel replenishment, the annual cost would be £160 (i.e. about £7 per fish). Over 
a five year life-span the cost would decrease to £15 per fish (£8 capital and £7 
maintenance). If a ten year life without major repairs was envisaged, the total costs per sea 
trout produced would be £11. 
Table 9.2 Gravel Seeding site, estimated costings per 15 .0 m2 unit for sea trout based on 
average production of 25 adults per unit per year. 
Although not considered appropriate for salmon due to the location of gravel seeding sites 
in the tributaries, for comparison, the estimated costs associated with salmon would be 
£111 (year 1), £40 (year 5) and £29 (year 10). 
However, it must be acknowledged that the results from these units are less predictable, 




A review of stocking costs was considered appropriate, to provide a cost effectiveness 
comparison of conventional stocking programmes with the stock enhancement strategies 
discussed above. Data from Harris (1995, in prep.) revealed that long term average returns 
for 1+ salmon smolts are of the order of 1%. Better returns can be achieved with 2+ smolts 
(2.3%), but most hatcheries now rely on 1+ smolt production, due to cost considerations 
and the convenience of the production cycle. It should also be borne in mind that there is 
some evidence of an improvement in survival rates since 1985 (1+ = 1.7%; 2+ = 4.2%). 
However, based on the commonly used 1% survival figure and an average production cost 
of £1 per 1+ smolt2, 100 smolts would have to be released to get one returning adult. 
Hence each returning adult would cost £100. 
Due to the difficulties associated with estimating returns from stocking sea trout smolts, 
no calculations for cost comparisons have been made. 
9.3 Cost Comparison 
Costs of producing additional fish to the rods, obviously depends on the rod exploitation 
rates. On the River Wyre, the salmon exploitation rate has been estimated to be 16.5%. 
Sea trout exploitation rates are more difficult to estimate, but an assumption has been 
made that a figure of 10% would be reasonable given the nature of the river. If these 
figures are taken, the costs estimated above need to be multiplied by 6 and 10 respectively 
for salmon and sea trout, to estimate the costs per extra fish to the rods. Table 9.3. below, 
provides an illustration. 
2
 £1 per smolt does not take into account the cost of catching brood stock (operation of traps etc.) or 
subsequent stocking out of smolts. 
Table 9.3. Estimated cost of returning adults caught by rods (assuming 16.5% exploitation rate for salmon and 10% for sea trout). 
<3\ 
64 
The high capital cost of the artificial spawning channel inflates the cost of returning adults 
taken by the rods quite substantially. However, if operated for five years, costs reduce 
dramatically and are comparable to the cost associated with stocking hatchery reared 
smolts. It should also be borne in mind that the real cost of stocking with hatchery reared 
fish is probably higher, when related non-hatchery activities are taken into account. In 
addition the capital cost of the hatchery is not included. 
The gravel addition sites for sea trout provide an attractive alternative on the basis of cost 
from year 1, with subsequent annual costs decreasing markedly to one quarter of the cost 
of hatchery fish by year 5. However, these figures are based on optimum usage. 
Whilst optimum usage of available spawning habitat in a spawning channel could be 
achieved artificially (trapping and holding), this is not likely to be the case in the gravel 
addition sites, which will rely on fish finding the spawning areas independently. A 
thorough evaluation of the cost effectiveness of this stock enhancement strategy is 
therefore only likely to be achieved following field evaluations of trial sites. 
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10. MONITORING 
In order to assess the effectiveness of any of the above stock enhancement strategies, 
monitoring and assessment are essential. Valued judgement can then be made as to the 
success and cost effectiveness of individual strategies. The following monitoring 
programmes are suggested. 
10.0 Gravel Cleaning 
Before gravel cleaning is undertaken an assessment of usage (redd count data) should be 
undertaken. Fortunately, Damas Gill (the area under consideration for gravel cleaning) 
has a well documented history of use by sea trout. Hence, mapping of redds will not be 
necessary. Following gravel cleaning, redd counts and detailed redd mapping should be 
undertaken, the latter showing the exact location of redds. This should include gravel 
cleaned areas and control sites, as identified. 
In addition, a baseline assessment of gravel size and quality should be undertaken, 
preferably at annual intervals, to assess gravel quality, quantity and depth. Detailed freeze 
core analysis is already available for Damas Gill, so only costs for the subsequent 
monitoring will be incurred. Deteriorations in gravel quality, which may limit use, can then 
be assessed. This will allow a more rigorous assessment of maintenance requirements. 
A detailed electrofishing survey should be carried out, in early summer, to assess the fry 
population throughout the experimental area, before cleaning works are carried out. 
Subsequent annual surveys will then allow an assessment of juvenile survival from gravel 
cleaning works. Use of control areas upstream should aid interpretation, by helping to 
quantify natural annual variations in fry numbers. 
10.1 Gravel Addition Sites 
Similar monitoring programmes to those described above should be initiated in the gravel 
addition sites. A detailed electrofishing survey at each site, before works commence, will 
provide baseline data on juvenile populations and hence adult usage for spawning. This 
should also include the main River Wyre, immediately downstream of the confluence with 
the relevant tributary, as fry will naturally migrate downstream to populate the available 
juvenile habitat. 
Detailed redd counts and mapping should also be undertaken on an annual basis to assess 
usage. In addition, some measure of gravel quality and stability would be useful. At this 
stage, bearing in mind the artificial nature of theses areas, freeze core analysis is probably 
not necessary. Rather a visual or subjective on site assessment of siltation and gravel 
retention/washout will be sufficient. 
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It should also be borne in mind that in order to encourage the usage of the gravel addition 
sites some form of stocking may be advisable. It is suggested that in several of the becks^ 
where there are considered to be low or absent juvenile populations (Joshua's, 
Lordhouse's and Guy's Becks), seeding with eyed ova is undertaken. This should 
preferably be done in Vibert boxes so that estimates of egg survival can be established. In 
the remaining gravel addition sites (Damas Gill, Grizedale Beck and Foxhouse's Beck), 
adult populations are known to exist. Therefore natural usage of these areas should be 
encouraged. By adopting two different approaches to the gravel addition sites, useful 
additional management data should be forthcoming. 
10.2 Artificial Spawning Channel 
The high level of maintenance and management activity required for a spawning channel 
will obviously allow the potential for much data gathering. Redd count data and mapping 
will be easily obtainable, although opportunities exist for other studies, such as behavioural 
monitoring, spawning success etc., to be undertaken. Viability studies and survival from 
eggs to emergent fry would also be useful in determining whether the assumptions 
outlined in Section 7.1 are correct. 
Much of the potential monitoring of emergence (timing, success etc.) will depend on the 
operational regime within the channel, and whether or not assisted dispersal is undertaken. 
Certainly the opportunity exists, to gather a considerable amount of useful information in 
such a facility, although the requirements of stock management and R&D would need to 
be reconciled in the light of available funding. 
11. IMPROVING ACCESS 
11.0 Introduction 
Following completion of the habitat survey various obstacles were identified which were 
classified as being either major or minor obstructions to salmonid migration. This was 
mainly with reference to obstructions to upstream movement of adults but also included 
potential obstructions or hazards to downstream movement of both kelts and smolts. Map 
3.4 identifies the specific locations of obstructions which are described in Section 3.4. 
This section is concerned with four specific areas, which following more detailed 
examination may warrant corrective attention. 
11.1 Minor Temporary Obstacles 
Map 3.4 identifies a large number of fallen trees throughout the catchment resulting in 
blockages which may then cause a significant impediment to upstream migration. On a 
selective basis the removal of these obstructions should be considered. Costs associated 
with removal will be minimal, and can be selectively targeted against the more serious 
obstacles. 
However, it should be stressed that removal of the obstacles should be undertaken in a 
controlled and co-ordinated manner, as the presence of partial obstructions frequently 
results in upstream accumulations of gravel. In addition, partial obstructions can aid 
stream diversity by promoting pool and riffle habitats, thus creating juvenile habitat and 
holding pools. Therefore wholesale clearance of in-stream debris should definitely be 
avoided. 
Although the individual removal of small obstacles may not have an obvious impact on the 
returning adult stock, by opening up previously inaccessible spawning areas, collectively 
the effect may well be significant. Co-ordinated clearance and subsequent monitoring will 
provide valuable managetnent feedback on the effectiveness of this basic aspect of river 
maintenance. 
11.2 Churchtown Weir 
The fish pass at Churchtown Weir has long been suspected of being inefficient and a 
hindrance to the upstream migration of salmonids under certain flow conditions. Therefore 
consideration is being given to the provision of a new more efficient fish pass. 
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The need for better fisheries management information for the River Wyre has also been 
identified, particularly with regard to construction of a stock recruitment curve (Shearer, 
pers. Comm.). In order to obtain the necessary data it would be necessary to install a fish 
trap and a fish counter. Consideration has therefore been given to the incorporation of 
these two facilities into the works associated with constructing a new fish pass at 
Churchtown Weir. 
11.2.1 Evaluation of Current Fish Pass 
The existing fish pass adjacent to the left bank consists of a sloping channel approximately 
one metre wide split into five pools by vertical cross walls, Figure 11.1. Fish move from 
one pool to the next via vertical slots at alternating sides of these cross walls, (See Photo. 
1). The pass terminates at the point where the slope of the main weir face lessens and 
water begins to run over the less steeply sloping cill which forms the toe of the weir. The 
lowermost cross wall of the pass consists of a large block of stone which leaves only a 
narrow gap, 26 cm wide, for fish to move through into the pass. (Photos. 2 and 3.) There 
is a groove about 25 cm wide cut into the concrete cill leading from this gap to the 
downstream edge of the cill, a distance of some 8 m. This is presumably intended to 
provide access for fish from the river below the cill up to the bottom of the pass, Figure 
11.2). This groove appeared to be about 30 cm deep, but was partially obstructed by 
stones and other debris. 
The existing fish pass has a number of unsatisfactory features, and does not comply with 
MAFF's criteria for an approved fish pass. The main problems are the very difficult access 
for fish into the pass from below the weir, and the excessive turbulence and white water 
within the pass, particularly in the lowermost pool. Water coming down the pass hits the 
stone block, which forms the lower cross wall, at a considerable velocity, and sprays up 
and over the cill. (See Photos 4 and 5.) At higher flows, as observed in November 1994, 
the turbulence is even greater. The situation is almost certainly exacerbated by the damage 
to the cross wall immediately upstream (See Photo 1.). Access up to the pass through the 
groove in the cill will be impeded by the stones and debris which are partially filling it in 
places. 
11.2.2 Minor Modifications to the Existing Fish Pass 
These should be focused on improving access to and through the lower end of the pass. 
1. The damaged cross wall between the fourth and fifth pools of the pass should be 
repaired and the vertical slot reinstated to the same width as that in the other cross 
walls. This should reduce the velocity of water entering the lowermost pool. 
2. The corner of the block forming the cross wall of the lower pool should be cut back 
and the width of the gap between it and the wall of the left bank increased to 50 cm, 
Figure 11.3. 
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3. A low wall 2.5 m long and 0.3 m high should be added parallel and opposite to the 
block to direct the flow in this area towards the "lead-in" groove, Figure 11.3. 
4. The "lead-in" grove should be cleared of debris and if possible widened to 0.50m. 
The estimated cost of these modifications is in the region of £4,000. 
11.2.3 Major Modifications to the Existing Fish Pass 
See Figures 11.4 and 11.5. 
Because of the turbulence in the existing pools fish are unlikely to be able to rest during 
their ascent, and some may turn back. This situation would be eased if the pools could be 
increased in size. MAFF recommend that resting pools should be a minimum of 3.0 m long 
by 2.0 m wide by 1.2 m deep, with a head loss between adjacent pools of not more than 
0.45 m. (Beach, 1984.) Obviously, pools of this size could not be created within the 
confines of the existing pass, and removing the outer wall and widening the channel could 
well threaten the integrity of the weir, as well as being extremely costly. A lesser 
alternative which would certainly improve the situation would be to remove the existing 
cross walls which have vertical slots and to replace them with cross walls with notches in 
their tops. The number of pools could be reduced to three, and the head difference 
between them would be 0.3 m. Two additional pools would then need to be created 
below the existing pass and new side walls built to allow fish to cross the concrete cill. 
Some excavation of the cill would be needed to provide an acceptable depth in these 
pools. The cost of these modifications would be in excess of £12,000. 
11.2.4 Construction of New Pass incorporating Fish Counter and Trap. 
The best long-term solution to the problem offish passage at Churchtown Weir would be 
to abandon the existing pass and to construct a.new one around the end of the weir on the 
left bank. This would allow a fish pass to be built which would meet with the criteria for 
approval by MAFF. 
Traditionally fish passes in England and Wales have been of the pool and traverse type, 
and provided that a pass of this type is built to the right dimensions and is situated 
correctly, it is likely to be effective. A possible design for a pool and traverse pass at 
Churchtown Weir is illustrated in Figures 11.6 and 11.7. Levels and longitudinal 
dimensions are taken from survey drawings provided by NRA - North West Region. A 
resistivity counter and fish trap with holding area are incorporated into this design. 
The location of the entrance to the upper end of the pass immediately upstream of the 
existing concrete wall in the left bank is dictated by the presence of a large tree and a 
power pole just upstream of the weir. (See Photo.6) At its downstream end the pass will 
\ 
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need to break through the existing stone block wall and discharge adjacent to the concrete 
cill at the base of the weir. (Photo.7) 
The fish trapping and holding area requires inscales and grilles as shown, and appropriately 
placed grooves need to be created in the side walls of the channel/holding area. Stop log 
grooves will also be required in the channel walls upstream of the trap. 
A valve-controlled water supply pipe is required for the holding area, as shown. To allow 
draining down of the trap, and also drying of the counter electrodes, drainage channels 
with valves are needed as shown in Figure 11.7. 
Design of the counter follows NRA - North West Region recommendations. The 
downstream face of the counter should be set at a slope of 1 in 7, with the electrodes 
mounted in an insulating polyethylene block. The uppermost electrode is 15 cm below the 
counter crest, the centre electrode is 38 cm below the upper electrode, and the lower 
electrode is 45 cm below the centre electrode. The design is such that any standing wave 
formed downstream of the counter slope should not encroach onto the electrodes, and 
water velocity should not be so high as to inhibit fish movement over the counter. 
The suggested level of the counter crest is 9.30 m AOD, which is approximately 0.25 m 
below the level of the main weir crest. The water surface level above the weir was 
measured at 9.70 m AOD by the NRA during their survey in September 1994, and the 
same figure was estimated during the APEM inspection on 5th April 1994. Taking this as a 
"normal" level, the depth over the counter crest would be 0.40 m, which is the NRA 
recommended figure. With this depth of water, the flow over the counter would be 0.89 
cumecs (calculated from the Francis equation as given by Beach, 1984). At a depth of 0.25 
m over the crest, the flow over the counter would be 0.44 cumecs. At river flows less than 
this, all the water would flow down the counter/fish pass channel, leaving the weir face 
dry. Inspection of the flow records for the Wyre at Garstang shows that during the 
summer months, the mean daily flow regularly drops to or below this figure in prolonged 
dry spells, and has been as low as 0.152 cumecs (August 1994). At these very low flows 
with water depth over the counter crest less than 0.25 m the counter would be likely to 
give unreliable results, although the fish pass would still be negotiable (0.13 cumecs is 
sufficient to ensure that the notches in the cross walls run full). Fish movement at these 
very low flows is unlikely to occur. In a small river like the Wyre it is unlikely that any 
significant migration takes place below 20% ADF, i.e. below 0.65 cumecs (ADF of the 
Wyre over the period 1984 - 94 was 3.241 cumecs). Thus loss of counter reliability would 
not be a serious problem. However, drying out of the weir face may be unacceptable on 
the grounds of visual amenity. 
The constraining factor in a design based on a pool and traverse pass is the need to 
provide a channel 2.0 m wide so as to accommodate resting pools of the required size. 
One possible solution to the drought problem would be to constrict the upper part of the 
channel to a lesser width, say 1.0 m, and then to open it out to 2.0 m below the counter. 
However an alternative solution is illustrated in Figures 11.8 and 11.9. The channel width 
is reduced to 1.0 m throughout, and the pool and traverse pass is replaced by a Denil pass. 
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The design as shown complies with MAFF recommendations for a pass of this type. The 
slope is 1 in 5, and the baffles are 0.60 m apart and set at an angle of 45° to the floor. A 
pass of these dimensions will be negotiable by fish at a flow of 0.28 cumecs (Beach, 1984) 
and considerably higher flows can be discharged without the velocity reaching 
unacceptably high rates. In this design the counter electrodes are set in a section of 1 in 7 
gradient immediately above the Denil pass, and the trapping and holding areas extended to 
compensate for the reduced channel width. The counter crest is still set at 9.30 m, and 
flows at depths over crest of 0.40 m and 0.25 m would be 0.43 cumecs and 0.218 cumecs 
respectively. 
Considerations applicable to both designs are the need for a power supply for the counter, 
and suitable housing for the counter instrumentation. Also the channels and fish trap will 
need to be covered by lockable grids for safety and security reasons. 
Estimation of costs is not really feasible at this stage, as there are too many unknown 
quantities, such as ground conditions, costs of land acquisition, etc. However, experience 
of constructing fish passes and counters elsewhere indicates that the pool and traverse 
design would be unlikely to cost less than £80k. The design based on a Denil pass would 
be less costly, as less excavation and concrete work would be required, and prefabricated 
pass sections are available. However, this type of pass operated in conjunction with a 
counter and trap, is a less well tried and tested arrangement. 
11.3 Abbeystead Fish Pass 
Concern has also been expressed over the fish pass at Abbeystead Reservoir, Figure 11.10. 
Built at the turn of the century, the pass does not conform with current MAFF guidelines 
for fish pass construction (Photo. 8). The individual chambers are too small and there-are 
no resting pools from the entrance to the exit at the top of the dam. Hence salmon and 
larger sea trout would have to negotiate the pass in a single continuous attempt. 
Consideration has therefore been given to ways of improving the fish pass to ease the 
upstream migration of salmonids to the high quality spawning gravels in the Marshaw and 
lower Tarnbrook Wyre. 
11.3.1 Notch Removal 
The simplest way to improve the fish pass and provide resting pools would be to remove 
several of the weirs, effectively creating a pool twice the size of the existing structures (see 
Figure 11.11). This operation should be comparatively easy to achieve, the stone weir 
being removed by pneumatic hammer and the slots filled as required. A provisional sum of 
£1,200 should allow for removal of three weirs at positions A, B & C in Figure 11.10. 
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11.3.2 Holding Pool Construction. 
In addition to the above, the creation of an off-line holding pool could be considered half 
way up the fish pass. However, following a site visit, difficult ground conditions indicated 
that this would be a costly undertaking. Hence, due to the comparatively cheap cost it 
would seem appropriate to proceed with weir removal, described above, prior to 
consideration of constructing a new holding facility. 
11.4. Abbeystead Dam Spillway 
Observations during dry periods have indicated that the entire flow impacts upon a coarse 
horizontal concrete sill at the base of the spillway after a vertical fall of some 3 m (see 
Figure 11.10 and Photo. 9). Concern over the safe passage of smolts after impact with the 
sill has prompted further investigation. Under high flows the overshoot is sufficient to 
completely clear the sill and hence would not be considered an obstruction or serious 
impediment to survival of downstream migrating smolts. However, even under the 
moderate flows experienced in the Wyre at the end of March, impact with the sill was 
unavoidable and was considered to be a significant threat to smolt survival. 
The main problem appears to be the dissipation of flow over the concrete surface as the 
overspill levels out, leaving a water depth of a few millimetres (Photo. 10). Before 
undertaking further survey work to examine the problem it is considered appropriate to 
attempt to prevent the water dissipating over a larger area by maintaining the flow in a 
small confined channel. This could be quite cheaply but effectively achieved by bolting 150 
mm high timbers to the surface of the overspill, Figure 11.10. The flow would be 
encouraged to accelerate and overshoot the sill, depositing the smolts in the pool below. A 
budget of £1,000 should be sufficient for this work. 
It is suggested that this is undertaken prior to any further survey work, as currently there 
is obviously a problem which may be alleviated quite simply and cheaply by forming such a 
channel. Subsequent monitoring will then determine the success of the exercise. 
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12. S U M M A R Y 
12.0 Habitat Survey 
The following general conclusions have been drawn from the habitat survey: 
• The investigations undertaken thus far confirm the general observation that useable 
spawning gravels appear to be in short supply in the River Wyre, and may be the 
limiting factor influencing returning adult stock. 
• Furthermore it would appear that as suspected, Abbeystead Reservoir is behaving as a 
gravel trap, resulting in the subsequent de-nudement of gravels downstream. 
• Salmon spawning is limited to the main river, the spawning area appears to be 
constricting, the uppermost limits moving further downstream. 
• Sea trout spawning is largely confined to the becks and upper Wyre tributaries. 
• Good quality spawning gravels are found in the upper Wyre tributaries, particularly in 
the area immediately upstream of Abbeystead, although gravels are generally 
considered large compared to the optimum preferred by salmonids. 
• Elsewhere there appears to be a general deterioration in spawning gravel quality, 
several becks, including Damas Gill apparently suffering from siltation. Lordhouses 
and Guy's Beck no longer support sea trout spawning being subject to heavy siltation. 
• Evidence of siltation of spawning gravels in the main River Wyre at Garstang results in 
their being classified as marginal for salmonid spawning. 
• Potential obstructions to salmonid migrations in the main river include the fish pass at 
Churchtown Weir, Abbeystead Dam and the toe of the Street Bridge Weir. Bedrock 
falls result in impassable obstructions under low flows in several becks, whilst fallen 
trees are a common occurrence causing temporary blockages. 
• Nursery area for juvenile salmonids is not thought to be limiting, a total of 7.5 Km is 
available in the main river. 
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12.1 Management Proposals 
The following actions have been identified to improve and create additional spawning 
habitat, for migratory salmonids. 
• Spawning gravel restoration/creation is thought to be appropriate for the Wyre. The 
following have been identified as feasible: 
• Mechanical gravel cleaning in the tributaries, 
• Gravel seeding in the tributaries, 
• Artificial spawning channel at Dolphinholme Weir. 
• An annual return of 450 sea trout might be achieved from gravel seeding units (3 per 
beck in 6 becks) at a cost of £15 per fish (5 year return - capital cost £18,000). 
• An annual return of 133 salmon might be achieved from an artificial spawning channel 
at Dolphinholme Weir at a cost of £89 per fish (5 year return - capital cost £30,000). 
Two other larger main river artificial spawning channel sites were identified at a cost 
of up to £90,000 each. 
Returns from the proposed salmonid enhancement strategies utilising gravel addition 
(£15 per fish) and artificial spawning channels (£89 per fish) would appear more cost 
effective compared to conventional hatchery reared stocking (£100 per fish). 
• Selective removal of minor obstructions throughout the catchment as part of a 
> , Y managed co-ordinated programme may collectively result in significant improvements 
in returning adult stock levels by improving access to existing gravels. 
• Consideration has been given to improving the efficiency of the fish passes at 
Churchtown Weir. Potential modifications include: 
• Minor alterations to the existing fish pass should focus on improving 
x * access to and through the lower end of the pass (estimated cost 
£4,000). 
• Major improvements to the fish pass include the removal of the 
existing cross walls and replacing them with traverses incorporating 
notches (estimated cost is in excess of £12,000), 
• Construction of a new fish pass, incorporating a fish trap and 
resistivity counter (estimated cost in excess of £80,000), 
• The efficiency of the fish pass at Abbeystead Reservoir may be improved, via the 
creation of resting pools along the pass (estimated cost £1,200). 
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• The concrete sill at the base of the spillway at Abbeystead Dam, may cause mortalities 
to downstream migrating smolts and kelts, under low flows. The channelisation of this 
flow, via placement of timbers, will help the downstream migrants to overshoot the 
concrete sill, thus reducing mortalities (provisional cost of £1,000). 
• The need to provide comprehensive data on fish stocks in the Wyre has been 
identified. Monitoring programmes to assess the value of the spawning gravel 
enhancement schemes described above have been suggested. 
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